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Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical 
engineering, resulting in designs of superb functionality, versatility and uncompromising levels of performance. 

The Sky-Watcher EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. 
Whether your interest is Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER 
range offers excellent all round Diffraction- Limited performance. a 
for advanced 
200mm (8") #1000 % 150mm (6”) 1/750 PARABOLIC | rime 
PARABOLIC NEWTONIAN ) NEWTONIAN REFLECTOR Stunning sight 


REFLECTOR » & eee J standard specication = Aman 
Prod. Code * J « Magnifications (with eyepieces supplied) 7 : a 
| 7 x30, x60, x75, x150 
10923/20464 vA As a « Highest Practical Power (Potential) x300 
% ~~ « Diameter of Primary Mirror 150mm 
OTA SRP £279 } ™ * Telescope Focal Length 750mm (f/5) 
EQ5 SRP £279 r of or . « Eyepieces Supplied 10mm & 25mm 
. ¢ 6x30 Finderscope * Fully GO-TO Upgradeable 
«x2 Deluxe Barlow Lens * Parabolic Primary Mirror 
* (1.5mm Ultra-Thin Secondary Mirror Supports ) 

Tees ' * £Q3-2 Equatorial Mount with Aluminium Tripod ae ee 
Standard Specification | ¢ 33% more Light Gathering than 130mm i _ ; 
« Magnifications (with eyepieces supplied) : 
x40, x80, x100, x200 
« Highest Practical Power (Potential) x400 Ht | | 
* Diameter of Primary Mirror 200mm > | ae \, OTA SRP £199 
* Telescope Focal Length 1000mm (f/5) ! . eo EQ3-2 SRP £199 
* Eyepieces Supplied 10mm & 25mm ' ' S 
«x? Deluxe Barlow Lens * 6x30 Finderscope e 
« Parabolic Primary Mirror gf 
«0.5mm Ultra-Thin Secondary 
Mirror Supports « Fully GO-TO Upgradeable Sy ine = 
* EQ5 Equatorial Mount with Stainless Steel Tripod “yy. ) , | OTA SRP £199 
© 77% more Light Gathering than 150mm ; ~ , EQ3-2 SRP £199 


Pe ge ae , 150mm (6”) £/1200 ! 
ie Expiorer- passed all our tests * ed 
with flying colours and was a delight to PARABOLIC NEWTONIAN REFLECTOR g .. 


| use both optically and mechanically” - * Standard Specification me 
ee aes ig ape a ee eee pR =. * Magnifications (with eyepieces supplied) ~ Pes Pee 
%, x48 x96. x190. x240 y / “Verdict: a reborn classic ‘\ 
4 | * Highest Practical Power (Potential) x300~ - one ee ae ae 
¢ Diameter of Primary Mirror 150mm " gh a se 
* Telescope Focal Length 1200mm (f/8) \ www.scopetest ean 
76mm (3”") 1/300 hh = « Eyepieces Supplied 10mm & 25mm — | 


MIN! DOBSONIAN ee ADVANCED FEATURES All Sky-Watcher /4 & 1/5 | 
« 6x30 Finderscope ee Re eae ee Ee 
Prod.Code 10212 i earatindic Piracy Wanvot Newtonian Reflectors feature high quality Paraboloidal 
0.5mm Ultr: ori Secondary Mirror | Primary mirrors to eliminate spherical aberrations, 
S, Rane producing sharp, contrasty images, which are full of detail. 
UPpORs In addition they feature 0.5mm Ultra-Thin secondary 
100mm (4”) f/400 ; Pee cuanre: e mirror supports to 
« EQ3-2 Equatorial Mount wi 6 fi : ac | 
PARABOLIC DOBSONIAN  aiuminium Tripod pears 
Prod.coae 10245 * 33% more Light Gathering than Watcher reflectors are 
‘ 130mm Multi-Coated with Silicon 
! Dioxide as standard for 
Optimum Durability and 
Long Term Performance. 





EEE ‘T have used a great number of 

‘Order Title FREE IIT TIT EY PO AAA. lelescopes; some are good, some 
ey; ii) sete $ Mediocre and some bad. To me the 

wy, a on t & Watcher range of instruments 

Prod.Code J } is are very good indeed, & suited to 
10213 amateurs of all kinds - and they are 

not priced out of the market! 
Ne eS Excellent value. 

130mm (5.1”) f/650 ieee Use them and enjoy them.” 


——< PARABOLIC DOBSONIAN Sir Patrick Moore CBE FRS (1923-2012) 
Our Products are Available from Dealers throughout the UK ov Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD | tate a VISION LIMITED US UU SS ac 


UNIT 3, WOOLPIT BUSINESS PARK f aie Astronomical Telescopes, Helios, Acuter, 
WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 





The event that's 
got astronomers on 
the edge of their 

» seats has finally 
© arrived - the 

= transit of Mercury. 
This issue, we've brought you a 
complete guide to make the most of the 
spectacle, including the very best places 
in the world to see it, what equipment 
you'll need (for every budget) as well 

as easy-to-follow tutorials to create 
memories that last - after all, many of 
us won't see Mercury transit the Sun 
for another decade. We wish you clear 
Skies, but if you find yourself clouded 
out on the day, head over to our website 
spaceanswers.com where we'll be live 
streaming the event all day. 

Don't forget, if you're observing the 
transit yourself, stay safe with solar 
filters, a solar telescope or by using 
the simple yet effective projection 
method with binoculars or a telescope. 
Never look at the Sun without the right 
protection. As always, we love hearing 
from you, so keep in touch with us on 
Twitter, Facebook or via email during 





the event and send your images to 
photos@spaceanswers.com. 

Of course, we've got plenty to keep 
you occupied after the transit in the 
way of astronomy tutorials - don't 
miss Mars at opposition, learn how to 
image a meteor shower and take our 
deep sky challenge, where there are a 
gaggle of galaxies for you to observe. 

Physicist and broadcaster Professor 
Jim Al-Khalili spoke to us about 
the fate of the universe this issue, 
while astronaut Ron Garan, who has 
joined the balloon-based World View 
Experience as chief pilot, tells us how 
he plans to get you to space. 

All About Space also heads to 
NASA and the ESA’‘s clean rooms 
to find out what it takes to design, 
build and launch a spacecraft, before 
discovering the missions that could 
help us find another Earth very soon! 


Cela 


Gemma Lavender 
Editor 


Contributors 


Giles Sparrow 
| ' @ Giles takes us ona tour of 
fe the seven wonders of the Solar 
4 System - this issue you'll be 
a riding out Jupiter's greatest 
Wi storm and climbing the solar 
neighbourhood's tallest mountain. 





David Crookes 
( ‘ m Ever wondered how 
| engineers get spacecraft 
== — from concept to launch? 
= David goes behind the 
2 scenes inthe clean rooms at 
NASA and the ESA to get the details. 
Kulvinder Singh Chadha 
m@ Theday that wefinda 
planet that’s very much like 
Earth could come sooner than 


you think, as Kulvinder finds 
out on page 36. 





Colin Stuart 


m@ Get the very best views of 
the transit of Mercury with 
Colin's guide - he tells us what 
kit you'll need, where the best 
observing spots are and how 
to film and photograph the event. 








Jim Al-Khalili spoke to 
All About Space about the 
birth and fate of the universe 


“T wonder if 
there's an all- 
encompassing 
theory of the 
universe that 
you could just 
stick on your 
T-shirt” 

Jim Al-Khalili, BBC's The 


Beginning And End Of The 
Universe[page 60] 
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Protecting 

Earth from 
evil extraterrestrials, a 
cosmic kaleidoscope 
and Jupiter's aurorae 
feature this month 
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7 wonders How we'll find 
of the Solar another Earth 
System It may now be a matter of when, 

Take a breathtaking tour of our and not if, we find another planet 

cosmic backyard like our own and it could be 

within the next decade 

How to build 

a spacecraft x 

From concept to launch, we go Space 

behind the scenes of construction alcon Heavy 


Discover SpaceX's super heavy- 
lifting system destined to 
completely change the future 
of space exploration 
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in space 
NASA astronaut Ron Garan reveals 
his plans to get you into space Pr SsO im 
Khalil ; 

The physicist, author and 
Black hole broadcaster Jim Al-Khalili 
spaceship discusses the fate of our 
A black hole could store the universe and the Earth's place 


energy needed for space travel within it 
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blossoming spaceflight industry Res 
and it's no longer going to be FT 


§j just astronauts in space” h 
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NASA astronaut Your complete guide to the 
night sky 


What's in the sky? 


Our pick of the must-see night sky 


a . sights throughout May 
. acexX } Transit of Mercury 


Your complete guide to the 


seo . Vi | astronomical event of the decade 


This month's 
planets 

Where and when to look for the 
best views of the Solar System 


How to... Image a 
meteor shower 
Capture those fleeting flashes of 
light with your digital camera 


Moon tour 
Early May gives you the 
opportunity to view Mare Crisium 


Naked eye & 
binocular targets 


Gaze upon the night skies of 


7 wonders of ate ke 


your refractor 


Get the very best views with a 
erin es 08) — 


Deep sky 
challenge 

Turn your telescope to sights of 
galaxies and globular clusters 


The Northern 
Hemisphere 

Enjoy a menagerie of objects in the 
heavens this month 


How to... See Mars 
at opposition 
Catch the Red Planet this month 


Me & My 


E 98 an of fSpace emeadeaness 


3 * = Mark Kelly, twin astronaut and fantastic astroimages 
Wee, Space Shuttle commander Astronomy 
tae kit reviews 


Vital kit for astronomers 
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Suited and booted 
for spacecraft testing 


Engineers at NASA's Johnson Space Centre in Houston, Texas 
have been busy analysing astronauts inside a mock-up of the 
Orion spacecraft - a capsule that may one day take humans 

to Mars. They are looking at how the astronauts interact with 
the hand controller and cursor control device while inside their 
Modified Advanced Crew Escape spacesuits. The controllers are 
used to operate Orion's displays and control system, which will i 


allow the crew to manoeuvre during missions into deep space. - . 
, oe 
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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


a 


— . a 
 kaleidoscope™ : 
of dark matter ~ ~ 


ll smattering of colour offers a striking aes eB 

. of the cosmos. The multicoloured haze marks the site of two 
colliding.galaxy clusters that have-almost coalesced to 
a single object known as MACS JO416,Jocated 4.1 billion — 
light years from Earth. Like all galaxy clusters, MACS JO416 
contains a large amount of dark matter, which leaves behind 
an obvious imprint in visible light by distorting the images of 


background galaxies. In this image, which combines data from 


an array of telescopes such as the Hubble Space Telescope, 
the Chandra X-ray Observatory (blue) and the National Radio 
Astronomy Observatory's Very Large Array (pink), dark . 
matter seems to align well with the blue-hued hot Bas. 


a A 



















Moonset from 
the Space Station 


After a fruitless search for the continent of Antarctica 
from the International Space Station on 28 March, 
Expedition 47 flight engineer Tim Peake had to 

give up the hunt due to a particularly awkward 

stage in the Space Station's orbit around the Earth. 
Instead, Peake had to settle for a moonset, which 

he photographed and tweeted to his social media 
followers back on Earth a couple of days later. 








“oe 4 
le is 
a a 
= . CT Py 
F P a |] L 
Ly , 
a p F * 
a. eg www.spacegns ers.com 
ad a. — 7. ae 
il ’ 
- 


GNRAO; AUI; NSF; STScI; G. Ogrean (Stanford University) 


@ NASA; BSA GX 
a 


@ NASA; ESA 


a 


i. 





ae 


, 








ed omeon OMEN -MRe=I OR IRSA] oc Tale! 
(oy ra tex= aD his new crewmates on the reste 
reece =Uropean Space Agency (ESA) astronaut 
ye took to Twitter to comment: “Thanks Soyuz 

crew for the fresh fruit... nothing quite like a juicy 
apple! #Principia.” 

Peake's six-month mission onboard the Space Station, 
dubbed Principia after Isaac Newton's ground-breaking 
Naturalis Principia Mathematica that describes the 
principal laws of motion and gravity, will see him perform 
more than 30 scientific experiments for the ESA. 
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re By Noel e-te mC ena Shee oe Xa 
__* «. ™* Hubble Space Teléscope, this infrared image of our 
Seems FA aexe- tc Ree an interesting region rei Py AOlele} 
ene (na eee NAN eure aoe) e Mle tee 
" ¢ “capabilities, astronomers have been able to peer through 


7 ,the copious‘amounts of dust to reveal an Sle eLE 
~*~ duster at the centre-of the Milky Way, which surrounds 
eee = Se Se black-hole Sagittarius A*. The enn isso 
Seman snd \aey-la care Ean Telit to having one million 
. .*. ™ stars crammed into the space between Earth and the star 
bn tt FN BA ERO ule ae is located 4.3 light years away. 
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@ESA; NASA; Hubble Heritage Team (STScI/AU 
















Groton Sect ater a Soe Peoria disrupt. mene 
penal So aS prelates dole around aS ee ; 


Be lariat sound like something taken 

. straight out of an episode of The 
Dalai ecole CaconenaeerellhaelcS 
theorising what it would take to cloak 
the Earth from extraterrestrials with 
Sees powerful.as our own. 

David Kippimg, an astronomer at 

Columbia University, is the man behind 
the ‘laser beam’ research, which was 
inspired by a strange dimming signal 
detected by the Kepler Space Telescope 
last year. While some researchers 
theorised the signal most likely had a 
natural cause, others have suggested 
that it could have originated in an 
“alien megastructure.” 
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Kipping explains, “We essentially » 
played the thought experiment that if 
we really had xenophobic tendencies 
and wanted to avoid the Earth being 
discovered (as Stephen Hawking and 
others have been warning about), 
could we hide the Earth from alien 
planet-hunters?” 

Kipping and graduate researcher 
Alex Teachey conclude that a series 
of lasers could be used to disrupt 
the instruments of a hypothetical 
megastructure (if its exact origin 
could be determined), and in doing 
so, mask the presence of life on Earth. 
Better yet, Kipping believes such a 


system could be built and switched 
on in less than a day. 

“T started to think about lasers,” 
adds Kipping. “Most people might 
have stopped there, as the Sun 
emits so much light - how could you 
possibly produce a laser beam to ever 
compete with the Sun? But it turns 
out, when you actually run through 


the equations, it’s really not that bad.” 


Kipping and Teachey’s research 
focuses on disrupting the process 
that telescopes, such as Kepler, use 
to detect distant planets - the transit 
method. This process is all about 
measuring dips in the luminescence 


. While very much in the 
theoretical stage, Kipping . 
and Teachey's theory would 
utilise powerfull lasers such 
Radel isreetcr-le del aye e-tio ee 
| Bede Creu) tek O@lstis 


— , 


of home stars, as these dips usually 
suggest an orbiting planetary body 
has passed in front of it. ae 

If aliens did use such a method 
to study our Sun, the process of 
shining one large laser or a collection 
of smaller lasers directly at a nearby 
star could mitigate these dips and 
essentially mask the presence of the 
Earth entirely. 

Kipping also suggests that ® 
method could conceal “biosignatures” 
- signs of life given off by our 
presence on Earth - which would 
add another layer of evasion to 
extraterrestrial eyes. @ 
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Frigid Pluto was 
once a warmer world. 


New evidence of a 
frozen lake suggests 
the dwarf planet was 
once a very different 
place indeed 


As New Horizons scientists continue to 
study Pluto in more detail, NASA has 
spied evidence of several features that 
suggest the dwarf planet could have 
once had a different climate - one that 
could have supported liquids. 

The biggest find, a large frozen lake 
of nitrogen located in a mountain 
range just north of Pluto's informally 
named Sputnik Planum, was glimpsed 
by New Horizons’ Long Range 
Reconnaissance Imager (LORRI) when 
the spacecraft conducted a flyby of 
Pluto on 14 July 2015. The lake itself 
appears to be around 30 kilometres (19 
miles) across. 

“In addition to this possible former 
lake, we also see evidence of channels 
that may also have carried liquids 
in Pluto's past,” says Alan Stern of 
the Southwest Research Institute 
in Boulder, Colorado, the principal 
investigator of New Horizons and 
lead author of the scientific paper. 

The presence of this lake and these 
interlocked channels add further 


Climate change 
seen on distant 
super-Earth 


The Spitzer Space 
Telescope reveals why 
the planet has major 
temperature swings 


NASA has performed the first 
temperature map of a distant super- 
Earth almost twice the size of our own. 
The data is an exciting step forward 
for the study of Earth-like exoplanets 
and brings us one step closer to 
understanding why this celestial body 
has such wildly different temperatures. 
“Our view of this planet keeps 
evolving,” comments Brice Olivier 
Demory of the University of 
Cambridge.. “The latest findings tell 
us the planet has hot nights and 
significantly hotter days. This indicates 
the planet inefficiently transports heat 


www.spaceanswers.com 


weight to the theory that Pluto once 
had a much higher pressure in its 
atmosphere and a far warmer climate, 
which would have been a suitable 
place for liquid nitrogen to exist. Pluto's 
atmosphere currently has a pressure 
that is 0.001 per cent of that found at 
sea level on Earth, and scientists have 
theorised that this pressure could have 


55 Cancri e's hot side reaches a 
scorching 2,400°C (4,400°F) 


around itself. We propose this could be 
explained by an atmosphere that would 
exist only on the day side of the planet, or 
by lava flows at the surface.” 

Spied on by NASA's Spitzer Space 
Telescope, super-Earth 55 Cancri e is only 
AO light years away and orbits its star 
every 18 hours. It is tidally locked, so one 
side of the planet is always cooking under 
intense heat with active lava flows. It gets 


@spaceanswers 


At one point, nitrogen 
would have rained down 
OMIT CUeeocneel| 
plains before flowing into 
lakes and channels 





been as much as 10,000 times higher. 


So what caused Pluto's atmosphere 
to change so drastically? One theory 
suggests that Pluto's steep axial 
tilt causes the climate to fluctuate 
dramatically, which in turn causes its 
atmosphere to wax and wane over 
millions of years. @ 






so hot (2,400 degrees Celsius, or 4400 
degrees Fahrenheit) you could melt 
metal on its surface. 

“Spitzer observed the phases of 55 
Cancri e, similar to the phases of the 
Moon as seen from the Earth,” says 
Demory. “These observations helped 
us to build a map of the planet, which 
informs us which regions are hot.” @ 


@ Facebook 
/AllAboutSpaceMagazine 
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ExoMars 
heads for the 
Red Planet 


The joint ESA/Roscosmos 

mission to Mars has kicked off 

its seven-month journey to the 
Red Planet, with the aim to 

study the geological mysteries 

of our crimson neighbour. The 
mission consists of two spacecraft, 
the Trace Gas Orbiter and the 
Schiaparelli lander, which are set 
to separate on 16 October. 


Source of 
youngest 
supernova 
found 


Scientists using data from the 
NSF's Jansky Very Large Array 
and NASA‘s Chandra X-ray 
Observatory have potentially 
identified the spark that lit the 
youngest supernova in the Milky 
Way. According to the study, the 
collision of two white dwarfs is 
the most likely trigger that set off 
G1.9+0.3 around 110 years ago. 
























Cassini spots 
Titan's tallest 
mountain 


NASA’s Cassini probe has identified 
the highest peaks on Titan, the 
largest moon orbiting Saturn. 
Titan's tallest mountain is 3,337 
metres (10,948 feet) high and is 
within a trio of high ridges known 
as the Mithrim Montes, located 
close to the equator. 


e ¥ e 
Jupiter's lights 

@ @ 
eight times 
brighter than 

W 

Earth's 
Gas giant Jupiter is experiencing 
X-ray aurorae that are eight times 
brighter and over a larger area than 
the Northern Lights we experience 
here on Earth. These have been 
caused by solar storms that react 
with Jupiter's magnetic sphere. 
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Since the attempt, Opportunity 
has performed eight more 
‘drives’ as it was directed back to 
the hill and off on a new course 
to the top of the ridge 





Polar ice on the Moon indicates that 
the tilt of the axis shifted by five 
degrees some 3 billion years ago 


Lunar ice 
gave Moon 
today's tilt 


The Moon's frozen poles 
prove our natural satellite 
shifted its angle millions 
of years ago 


Research coordinated by multiple 
institutions as part of NASA’s Solar 
System Exploration Research Virtual 
Institute (SSERVI) has revealed 

the lunar ice poles have moved, 
suggesting the Moon's tilt has shifted 
by around five degrees. 

“The same face of the Moon has 
not always pointed towards Earth,” 
says Matthew Siegler of the Planetary 
Science Institute in Tucson, Arizona. 
“As the axis moved, so did the face 
of the ‘man in the Moon’ He sort of 
turned his nose up at the Earth.” 

The tilt is estimated to have 
occurred around 3 billion years ago, 
with the polar ice study showing 
the original position of the poles 
compared to their modern locations. 
Mass distribution is believed to be the 
potential cause of the planetary shift, 
with plains of ice moving across the 
lunar surface over millions of years. 

“The new findings are a compelling 
view of the Moon’s dynamic past,” 
adds Dr Yvonne Pendleton, director 
of SSERVI, which supports lunar and 
planetary science research in order 
to advance human exploration of 
the Solar System through scientific 
discovery. “It is wonderful to see the 
results of several missions pointing to 
these insights.” @ 








, a eye 


Opportunity takes on’ 
steepest ever Martian slope 


The long-serving rover is forced to turn back after 
a failing to climb a sharp incline on the Red'Planet 


Recently, the veteran NASA Opportunity 
rover attempted its most ambitious 
excursion to date, climbing the steep 
slopes of the elevated area known as 
Knudsen Ridge. But despite three big 
attempts, the slope proved one incline 
too far for the plucky robot. 
Opportunity, which has been 
operating on the surface of the Red 
Planet for 12 years and counting, had 
been exploring the Marathon Valley on 
the western edge of the 22.5-kilometre 
(14-mile) wide Endeavour Crater in 


Space Launch 
System and 
Orion spacecraft 
one step closer 
to launch 


The ‘spaceport of the 
future’ has just wrapped 
reviews for ground 
support facilities 


NASA has surpassed another big 
milestone as its Space Launch System 
(SLS) and Orion spacecraft has its ground 
support systems and facilities reviewed 
and signed off. With this stage finally 
complete, the ‘spaceport of the future’ 

is edging ever closer to its projected 
November 2018 launch date. 

The end of the review follows a huge 
financial boost for the ground systems 
of the SLS, with £14 billion ($2 billion) 
being pumped into upgrading and 
revamping the launch pad and facilities 
at the Kennedy Space Centre in Florida. 

“NASA is developing and modernising 
the ground systems at Kennedy to 
safely integrate Orion with SLS, move 


Meridiani Planum when NASA decided 
to push the rover to new limits by 
scaling Knudsen Ridge. 

sUeBrOoeMall memo PRC (oo1 (a ocKe)s| 
10 March, with NASA adding extra 
wheel spin to its six aluminium wheels 
to counterattack possible slippage. It 
was believed this extra power would 
be enough to carry the rover roughly 
20 metres (65.5 foot) over the ridge. 
However, upon re-establishing contact, 
it was revealed the slope was simply too 
steep and the attempt was abandoned. 


the vehicle to the launch pad, and 
successfully launch it,” says Bill Hill, 
deputy associate administrator of NASA‘s 
Exploration Systems Development 
Division, Washington. “Modernising the 
ground systems for our journey to Mars 
also ensures long-term sustainability and 
affordability to meet the future needs of 
the multiuse spaceport.” 

NASA’s Ground Systems Development 
and Operations Programme (GSDO) 
completed its review of the facilities last 
month, with the site now deemed ready 
for the task of launching a system with 
32,000KN (7.2 million pounds) of thrust. 





The areas'that NASA were hoping to reach 
are rich in mineral clays, which form in 
the presence of water, so the rover will 
now take a flatter and longer, route. 


Opportunity hasn't just been getting 


its hike on up Martian hills; it's also been 
capturing shots of one of Mars’ most 
fascinating mysteries - the dust devil. 
These extraterrestrial whirlwinds have 
been recorded before, but this is the 

first time Opportunity has been able to 
glimpse this extraordinary phenomenon 
in its 12 years of operation. @ 





“The team is working hard and 
we are making remarkable progress 
transforming our facilities,” says Mike 
Bolger, GSDO’s programme manager. 
“AS we are preparing for NASA's journey 
to Mars, the outstanding team at the 
Kennedy Space Centre are ensuring 
that we will be ready to receive SLS 
and Orion flight hardware and process 
the vehicle for the first flight in 2018." 

Tests continue on the ESA-designed 
Orion spacecraft in Europe, with the 
hope of delivering it piece by piece to 
its Florida launch site over the next 18 
months ready for its 2018 launch. @ 
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An animal in Crisis 

In eastern Africa, poachers use 
automatic weapons to slaughter 
endangered rhinos. The animals 
are shot and the horns are hacked 
away, tearing deep into the rhinos’ 
flesh with the rhino left to die. 


Buy World of Animals at all good shops now 


Make a difference today 

O| Pejeta is a leading conservancy 
fighting against this cruelty. 

It needs more funds so more 
rangers and surveillance can be 
deployed on the ground to save 


rhinos from this horrible treatment. 
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Join World of Animals 


World of Animals magazine takes a 
stand against these atrocities and 
iS proud to be In partnership with 
the Ol Pejeta Conservancy - 10% 
of our profits go towards saving 
rhinos in the fight against poaching 


BUY 
Werldof 
fate 
AND HELP 
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§ ) worldofanimalsmag W) @WorldAnimalsMag © animalanswers.co.uk justgiving.com/olpejeta 
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oy ARale: yore in our cosmic near play nest ror ornate 
SAI Sa All About Space presents the best of. uate = 


peti uM ye So os cel | 


Just as ancient historians loved to draw up lists “f 
‘the Seven Wonders of the World, deep in our modern 
age. of interplanetary exploration, astronomers love to 
argue over'the finest sights our Solar System has to 
offer. From the cracked crust of Mercury to the frozen 
_mountains of Pluto, there's a wealth of wonders to 


cy 


consider, so how do. you even begin to make a list? 
: Sticking to the traditional limit of seven wonders, 
our own selection aims to be as diverse as-possible, 
. with everything from ancient and unchanging 


geology to short-lived but beautiful atmospheric 
phenomena. Some of these wonders have been _ 


‘since the invention of the telescope, and Sal oye s(a ca ates er 


- Space probes. 


*- SO we can be certain there are plenty more.“ 2 ~ — 





known and admired since the ancient times, some ~~ 
have been unveiled far more neon , visiting 


* The worlds that play eee to these ee range. 
from bloated gas giant EMIS to tiny rock-ice moons, 


with.some phenomena right on our doorstep, and @ x 

others in the distant depths of the outer Solar Sac ; A 

And von) now, only a few of the many pico) d 6 cjg ts Mo) 0) | See ae ee gee eS 

around our Sun have been explored inany detail, 2 gp Ee EI Pes ray 
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Saturn's rings ee 


aa 


Saturn's astonishing ring system 

makes it the most beautiful planet 

in the Solar System - the brightest 

regions of the rings stretch to three 

times the diameter of the planet, while 

fainter clouds of material extend for 

thousands of kilometres into space. 
Each major ring is made up of 

Narrow ringlets, and each ringlet is a 

stream of individual particles following 

near-perfect circular orbits around 

Saturn. The brightness of the rings 

varies depending on the material 

within them: the prominent A and 

B Rings are dominated by densely bs rs 

packed, house-sized chunks of water Lalit a pg hited te 1 

ice, while particles in the Cand Drings = Astronomers still aren't entirely sure how Saturn's rings formed, but one 

are smaller and far more scattered. plausible theory is that they were created when a large outer moon of Saturn 
Between and within the rings lie spiralled towards the planet and was stripped of its icy outer layers 

several apparent gaps, most prominent | 





of which is the Cassini Division 
between the A and B Rings, and the 


out their motion and herds them onto 


1. A second Titan? 
According to this model, 
Saturn once had a 


2. Tidal stripping 
Friction with the 
surrounding gas 


= 

Encke Gap within the A ring. Despite Pea ‘= 2 sent the doomed 
initial appearances, these gaps are not scale of its giant satellite — E moon spiralling into 
entirely empty - the Cassini Division Titan. With a rocky core ssf Bp Saturn. As it passed a 
contains material with the same and icy outer mantle, A threshold called the 
density as that of the C Ring. it orbited in a cloud of | ore ToM lta) mey- 10a 

Astronomers have understood the gas left over from the gravity stripped away 
nature of the rings since 1859, when planet's formation. its outer layers. 
James Clerk Maxwell showed that any 
solid structures orbiting that close to 3. Evolving rings : 4. Doomed core 
Saturn would be torn apart by gravity. Over time collisions | AV=VaLMer lI Waa 
Instead, the disc-like structure is a flattened out the ice disc By remaining rocky core 
CUO ay Osa lela pcan com ervas tela to form a ring system. & 2 of the es broke 
- collisions between objects moving oto continue to a = up and io into Seti 
in slightly different orbits averages Slowly grind Sr larger ei pe itself, leaving a disc 

TMA NLRC ILLE ee | oC Mir UAL 


circular orbits directly above Saturn's 
equator, where collisions are minimal. 


ol aT=Me NAMA IRS CH lale| 
are eventually absorbed 
by Saturn itself. 


containing much 
Me CMUle ee Merle 
today's rings. 


ay ; 
2 Iapetus’ walnut wall Ee 


The strange wall that runs along the being a natural feature and many 
equator of Saturn’s moon lapetus theories have tried to explain its origin 
remains a tantalising mystery. and location on the equator. 
Discovered by NASA's Cassini probe in One theory is that the ridge is a 
2004, the wall (or ‘equatorial ridge’) is ‘fossil’ remnant from shortly after the 
20 kilometres (12.4 miles) high in places, | planet formed, when Iapetus span 
with some of the tallest mountains in much faster, giving it a pronounced 
the Solar System. Iapetus' other claim equatorial bulge. Others suggest that 
to fame is the stark division between upwelling of material from the moon's 
the dark hemisphere that faces forward interior caused the ridge. But the most 


in its orbit, and its far brighter trailing fascinating theory is that the ridge 
hemisphere - the ridge structure is only came not from below, but from above. 


present on the moon's darker side. Tapetus is far enough from Saturn's 
Seen from space, the wall gives gravitational pull that it could have 
Iapetus a walnut-like appearance, and formed with a ring system of its own, 
as with most curiosities of planetary aligned with the moon's equator. If 
geology, some have suggested that it this became unstable, material could 
might be an artificial structure. All the have rained down onto the surface, 
evidence, however, points to the ridge creating the ridge that we see today. 
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Olympus Mons 
photographed by 
NASA's Viking 1 orbiter 


The largest mountain in the Solar 
System, Olympus Mons is a towering 
volcano of an almost unimaginable 
scale, creating a vast blister on the 
face of the Red Planet. The only 
disappointment for observers is that it 
seems inactive - but that might change. 

With a height of 21 kilometres (13 
miles) above the Martian ‘surface datum’ 
(the Red Planet's average surface level), 
but 25 kilometres (16 miles) above 
surrounding lowland plains, Olympus 
Mons is almost three times higher than 
Mount Everest and 2.5 times the height 
of Mauna Kea in Hawaii (Earth's tallest 
volcano if measured from its seabed ? 
base to its peak). Little wonder then, & 
that astronomers named the monstrous 
mountain after the home of the ancient 
Greek gods, Olympus. 

In contrast to the traditional image 
of a volcano as a conical mountain 
with a lava-filled crater atts peak, 
Olympus Monis is a shield volcano. 
Such structures (typical of the largest 
volcanoes on Earth and Mars) have a 
similar profile to a shield or shallow 
dome - they form when lava emerges 
along weak fissures in the crust and 
flows out across the landscape before 
solidifying. A shield’'s growth is often 
fuelled by eruptions around its flanks 
rather than its peak, and the overall 
structure may be tens or hundreds 
of kilometres across. In the case of 
Olympus Mons, steep cliffs have formed 
where parts of the shield\were unable to 
support their own weight. 

The huge central.crater, or caldera, 
is a complex.series of overlapping pits 
over 80 kilometres (50 miles) across and 
hemmed by walls up,to 3,000 metres 
(9,842 foot) deep. It was never a lava- 
filled lake but instead formed through 
subsidence as the underlying reservoir 
of magma (molten subterranean rock) 
beneath the volcano diminished and 
withdrew in the relatively recent past. 

Planetary scientists can estimate the 
age of Olympus’ last eruptions from 
the number of impact craters on its 
lava solidified flows, and the results are ~— Mount Everest ° 
tantalising - while most of the volcano is v approx. 71,000km? 


thought to have built up 3 billion years (poorly defined) @ 
i NV Cele Taims\Veteecye 3 


ago, some parts of the northwestern (approx. 27,400mi’) 
Height: 8,800m (29,000ft) 


flank appear to have formed as recently 

as 2 million years ago. That’s the blink of 

an eye in geological terms, and suggests Time it would take to climb: 4 days (average) from base camp at 
5,330m (17,500ft) - walking distance from here to the summit is 

20km (12mi), so covering 5km (3mi) per day. 





Olympus Mons 

Height: 25,000m (82,000ft) 

Time it would take to climb: 17 days to climb roughly 250km 
(155mi) - the shortest distance from flank to summit with an average 
speed of 15km (9mi) per day. Olympus Mons is so wide that its rise is 
much smoother than Everest's and the average slope is five degrees. 


Olympus Mons 
300,000km? 
(115,800mi’) 





that Olympus Mons is probably still 
active to this day. 
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Earth's northern and southern lights, 
the Aurora Borealis and Aurora 
Australis, are a wonder of the Solar 
System that come close to home. These 
colourful displays of glowing light 
result from the interaction between our 
planet's magnetic field and atmosphere, 
and the stream of particles constantly 
flowing out from the Sun. 

Aurorae are created when electrically 
charged particles from the solar wind 
are drawn towards Earth and interact 
with scattered atoms and molecules 
of gases in the atmosphere. Collisions 
with the gas particles cause changes in 


vAY 


their internal structure and give them E 


a short-term energy boost, but this is 
rapidly dissipated through emission of 
electromagnetic radiation. 

The structure of Earth's magnetic 
field creates funnels that channel 
and concentrate solar wind particles 
in ‘auroral ovals’ surrounding each 
magnetic pole, which is why displays 
are usually only seen at high northern 
or southern latitudes. Here, particles 
enter the atmosphere and create 
shifting curtains of eerie light. 

The level of auroral activity depends 
on the quantity and energy of particles 


Sa - , 


in the solar W we i? sto 

controlled by the iets at 

waxing and waning in inte: 

a period of roughly 11 years-\ 

events called solar flares and coronal 

mass ejections unleash huge amounts 

of high-speed material that buffets the 

Earth in a geomagnetic storm. This can 

cause intense aurorae and affect the 

flow of Earth’s own magnetic field. 
The colour of aurorae depends on 

the altitude at which they form and 

the gases involved - the more active 


the Sun, the further particles penetrate 


the atmosphere and the more intel 


splay. Red aurorae are Sihailg 
by interactions with atomic oxygen at 
altitudes of 200-250 kilometres (124- 
155 miles) and are the most common 
but the hardest to see, as gas atoms 
are sparsely scattered and human 
eyesight is poorly attuned to red light. 

Green colours form in denser 

oxygen at 100-150 kilometres (62-93 
miles) and are the most common 
aurorae that are actually seen, while 
blue and deep red emissions, created 
eI eae alae alse ae 
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varies depending on the intensity of the 
solar wind and Earth's magnetic field, but 


_ they can form as high as 800km (497mi) - 


well above the orbit of the Space Shuttle and 
the International Space Station. 
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(630nm) ee 
Weak red aurorae are created by excitation 
of sparse-oxygen atoms at around 250km 


(155mi), but are-rarely intense enough to be 
visible from the ground. 
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Classic aurorae 

The most common form of aurora is shifting 
green curtains of light, which are generated 
by excitation of more plentiful oxygen atoms 
lower in the atmosphere. 
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Intense displays 

During intense displays, solar wind particles 
penetrate to an altitude of about 80km 
(5Omi), where they trigger blue and red 
emissions from nitrogen molecules. 
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A volcano can be 
seen erupting from 
the surface of Io 


5 Io's volcanoes 


The most volcanic world in the Solar 
System, Jupiter's tortured satellite Io 
is home to a shifting, multicoloured 
landscape unlike anything else 
we've seen in our interplanetary 
explorations. Io is the innermost of 
four ‘Galilean’ moons - giant satellites 
of the Solar System's largest planet, 
named after the Italian astronomer 
Galileo Galilei who discovered them 
using one of the first telescopes in 
1610. While its outer neighbours (like 
most moons in the outer Solar System) 
are dominated by ice, Io is pure rock, 
with a startling terrain of red, yellow, 
brown, green and white blotches that 
make it look similar to a burnt pizza. 
Io owes its strange appearance to 
tidal forces far more brutal than those 
that cause Earth's seas to rise and fall. 
Like most other satellites, including 
our Moon, Io has long since settled 
into a synchronous rotation period 
that matches its orbit and keeps one 
side permanently facing towards its 
parent planet. In theory, this keeps 
tidal forces, created by the changing 
strength of Jupiter's gravity from one 
side of Io to the other, at a minimum, 
but Io's orbit is prevented from being 


perfectly circular by the pull of the 
other Galilean moons. This means 
that the strength of Jupiter's powerful 
gravity changes significantly from one 
side of its orbit to the other. As a result, 
the tidal bulge on the side of Io facing 
Jupiter rises and falls by as much as 
100 metres (328 foot) around its orbit, 
creating friction in the moon’s rocks 
that’s hot enough to melt both silicate 
rocks and the abundant sulphur 
compounds on Io's surface. 

Sulphur is famous for taking a wide 
variety of different solid forms known 
as allotropes, and its compounds can 
be equally colourful - together they are 
largely responsible for Io's fantastical 
appearance. Interaction between hot 
silicate magmas and easily melted 
sulphur triggers powerful eruptions 
that send plumes of sulphur high into 
the sky, while lava oozes across the 
landscape and reshapes it on time 
scales measured in years rather than 
centuries - when NASA’s Galileo probe 
entered orbit around Jupiter in the late 
1990s, it found Io's terrain had altered 
substantially from that photographed 
by the Voyager probes around two 
decades before. 








Enceladus’ fou 


Enceladus is an icy moon of Saturn 
with a diameter of just 500 kilometres 
(310 miles), yet it is unusually bright 
for its size. In the 1980s, the Voyager 
Space probe images revealed that 
many of its craters were blotted out 
by what looked like a blanket of snow. 
This made the moon an obvious 
target for NASA's Cassini probe when 
it arrived at Saturn in 2004. 

But what no one expected was that 
on its first approach to Enceladus, 
Cassini flew straight through a plume 
of icy particles arcing hundreds of 
kilometres above the moon's south 
pole. Backlit images soon revealed 
the presence of several geyser-like jets 
erupting into the sky: much of the 
material falls back to dust Enceladus 
with pristine snow, but some escapes 
the moon's weak gravity altogether 
and ends up in orbit around Saturn, 
creating the planet's tenuous, 
doughnut-shaped E Ring. 

Geyser activity is created when 
an underground reservoir of liquid 
is heated above boiling point and 








7 Jupiter's monstrous storm 


The most famous storm in the Solar 
System, the Great Red Spot (GRS) 
dominates the southern hemisphere of 
Jupiter, forming a baleful whirlpool in 
its turbulent atmosphere. 

The storm has been observed since 
the 1830s but was likely seen much 
earlier, by Jean-Dominique Cassini and 
others from the 1660s to 1713. And 
its disappearance for over a century 
may be because the spot periodically 
changes colour and size. At its peak, 
however, the GRS is a huge eye-like 
oval with twice the diameter of Earth. 
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eventually boils away ex h 
weak point in the ee. (eb bESy 
Enceladus, the temperatures needed 
to do this are lower than on Earth, as 
there’s no substantial atmosphere, but 
the ice must still be warm enough to 
melt - such a tiny moon should have 
frozen solid long ago. 

Enceladus’ unusual activity is 
thought to be due to tidal heating - 
the moon is in a tug of war between 
Saturn and the larger satellite Dione, 
which orbits further out, and this 
generates heat through friction as 
its overall shape flexes through 
each orbit. This, it seems, is enough 
to create an ocean of liquid water 
beneath the surface, which forces 
its way out along weak spots in the 
southern hemisphere known as ‘tiger 
stripes’. The geysers are beautiful but 
also offer a tantalising insight into 
Enceladus’ interior chemistry - during 
its flights through the icy plumes, 
Cassini's particle ‘sniffers’ detected 
not just water ice, but complex 
carbon-based or ‘organic’ chemicals. 


Studies of Jovian weather show 
that it is a vast anticyclone (rotating 
counterclockwise). As this is the 
opposite direction to the way storms 
rotate on Earth, it indicates the GRS is 
an area of high pressure. What's more, 
infrared images show the visible red 
cloud tops are colder than Jupiter's 
other clouds and are eight kilometres 
(five miles) higher up in the sky. 

The origin of the storm's colour is 
still unclear - its uppermost clouds are 
thought to be richer in ammonium 
hydrosulphide, but this chemical is 
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The Great Red Spot as seen by NASA’s 


Enceladus and its 
icy geyser plumes 
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Cassini flyby 

NASA's Saturn-orbiting space probe 
can study material in the plumes using 
its Cosmic Dust Analyser instrument. 
While most of the material is water 
ice, it has also detected a variety of 
carbon-based molecules. 





Routes to the surface 

Water from the ocean forces its way 
up through cracks beneath the ‘tiger 
stripe’ features, created where tidal 
forces flex and distort the icy crust. 


Geyser eruption 

On exposure to the near-vacuum at 
the surface of Enceladus, liquid water 
boils violently into space, creating a 
geyser-like plume of ice crystals. 





Warped interior 

Enceladus experiences different 

ar lel ear) Melee scme (Ula i gleam mie) ae) 
shifting the rocky interior. This causes 
friction and heats the overlying ice. 


mel Re) en(=) snare o)p1 

Rocky silicate particles found in orbit 
around Saturn may originate from 
Enceladus, and are strong evidence 
for hydrothermal vents on the moon. 


oie RO rie oe 
Spot by numbers 


not red so something else must be 
happening. One theory is that the 
chemistry of the clouds changes as 
they are hit by cosmic rays (high- 
energy particles from the Sun and 
space), while another says the colour 
comes from chemicals deep inside 
Jupiter that are drawn to the surface. 
But the GRS may not last forever - 
over the past century or more it has 
steadily shrunk and become more 
circular, while another southern- 
hemisphere storm, Oval BA, has grown 
in size and turned from white to red. 


Bibl byicaimcPae)FclUCONMUIUACcMUNlc UN CCeRIMAKSeRNISTO)e 
how long the GRS takes to circle the planet 


Jovian 
CRS 


The speed of winds around the 
edge of the storm - by contrast the 
centre is thought to be almost still 


40,000km 


Average temperature of the spot’s 
upper clouds (-256°F) - the reddest 
areas are about 4°C (39.2°F) warmer 


24,000km 


Cassini probe during its Jupiter flyby 
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Education 





ASTrFOnOMY IS one OF tne oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





Courses available for enrolment all year round. 
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Developing a spacecraft is no mean 
feat. It takes years of planning, design, 
construction and testing 


Written by David Crookes 


Around 18 kilometres (11 miles) northeast of One person who knows more than most about 
Los Angeles lies Pasadena, a quaint city with a what goes on inside the facility is Arden Acord. 
population of 139,750 and a 92,542-capacity stadium Currently manager of JPL's System Verification, 
famous for hosting the annual Rose Bowl. It is Validation and Operations section, he has spent 
ranked as the United States’ 183rd largest city but it most of his 45-year career as a principal engineer 
punches above its weight in more ways than one. LS SvEB MLE ORP-DeN ANC lU(Mm DION eberom MeN cM UleelcNBS lou Brls 
Aside from being one of the primary cultural centres worked on some of NASA's biggest missions, 

of the San Gabriel Valley, Pasadena has become including the Viking orbiter in the 1970s, Galileo in 
synonymous with NASA's Jet Propulsion Laboratory the late 1980s, Cassini-Huygens in the 1990s and the 
(JPL), a sprawling research and development facility Mars Reconnaissance Orbiter in the 2000s. In other 
that began being constructed on a rocky floodplain words, he’s had a hand in building a lot of spacecraft. 
back in 1936. 


As you can imagine, spacecraft construction is 
It is here that NASA built the Spacecraft Assembly highly complex. But despite spacecraft coming in 


Facility (SAF) in 1961, with the aim of supporting many different shapes and sizes, the process of 

its Ranger and Mariner missions to the Moon, constructing them is roughly the same. It can take 
Venus and Mars. Occupying JPL Building 179, it between three and five years to get a spacecraft to 
currently comprises a System Test Complex and two the launch stage, with work beginning in earnest 
cavernous high bays, the first being 24 x 36 metres once a mission is assigned. From that point on, 

(79 x 118 feet) and the second being 21 x 21 metres designers and scientists will work on firming up a 
(69 x 69 feet). SAF was used to build spacecraft for spacecraft's objectives, from the experiments to the 
NASA's first missions to the Moon, Venus, Mars, travel itinerary. 

Jupiter, Saturn, Uranus and Neptune and it continues There have been some pioneering advances in the 
to be of vital importance for missions today. design stage, particularly over the past few years. 
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How to build a spacecraft 


Lockheed Martin, the American global aerospace 
company, for instance, can design spacecraft in full- 
scale three-dimensional virtual reality (VR). “We 
have a facility called CHIL [Collaborative Human 
Immersive Laboratory] in which we use VR glasses 
to rehearse how we will build a satellite,” says 

Dave Brown, director of system integration and 
test engineer. “A person can wear the goggles and 
immerse themselves in a virtual area and it's great 
for design verification, rehearsing operations, and 
removing electronics efficiently without causing 
damage and things like that.” 

But the actual construction process for building 
spacecraft has followed a path that has, by and large, 
remained the same and it’s one that is near-identical 
to that found in aircraft manufacturing, as Acord 


claims, “A lot of our technician type people come 
from aircraft assembly fields.” With an assembled 
team of electrical and mechanical engineers, in each 
case they begin with the basics: “We have the people 
that actually have to handle the hardware and put in 
the fasteners and connect the electrical connectors 
and make measurements and stuff," adds Acord. 
“Usually you start by taking delivery of the chassis 
or structure of the spacecraft along with some of the 
key components such as the main computer system 
and the power system,” explains Acord. “Once you 
have those running together, you can start adding 
the other elements such as radio transmitters and 
receivers and the systems that control the altitude 
and pointing of the spacecraft.” For a satellite, key 
components will include: the bus (or platform) which 


“Many places in the Solar System could 
have had or may still have life and we 
don't want to contaminate them” arden acora 


Lockheed Martin makes 
use of virtual reality and 
motion tracking at its 
CHIL lab to reduce costs 
and production time 
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Spacecraft are 
constructed 
using specialist 
machinery and 
the process is not 


unlike aircraft 
manufacturing 
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is its infrastructure; a container that will hold all of 
the various bits and pieces together; a power source, 
which is typically a combination of solar panels and a 
battery; a communication device such as an antenna; 
an orientation finder, so that the satellite can figure 
out where it’s looking; and, last but not least, scientific 
instruments. For planet-bound spacecraft though, 
there will be thrusters, a main engine, fuel tanks and 
a heftier payload, with a wider number of scientific 
instruments and cameras to consider. 

“The science instruments can be pretty interesting 
since they are often developed by universities around 
the world,” explains Acord. “The Cassini-Huygens 
spacecraft had something like 12 science instruments, 
many of which came from university participation in 
their construction, and then there was a whole sub- 
spacecraft that was developed by the European Space 
Agency (ESA) - the Huygens probe - with a number 
of its own instruments on it. That was built in Europe 
and delivered to us.” 

Getting other companies and organisations 
involved is certainly not unusual. Lockheed Martin 
is currently working on NASA‘s Orion Multi-Purpose 
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Crew Vehicle, which will be a reusable spacecraft 
made up of a crew module, service module and 
launch abort system that will carry astronauts 

to Earth's orbit, the Moon, asteroids and Mars. In 
another partnetship, Thales Alenia Space was the 
lead builder of ExoMars’ 2016 spacecraft. Building a 
spacecraft is very much a collaborative project. 

Yet wherever and whoever builds a spacecraft, it 
is always put together in what is known as a clean 
room which, as the name suggests, is an ultra- 
clinically cleansed space in which the air quality, 
humidity and temperature is controlled to prevent 
contamination of sensitive materials used in the 
building process. The idea is to leave very few dust 
particles in the air, so anyone working in these rooms 
has to suit up to avoid shedding skin and bits of hair, 
and they must walk across a sticky mat. Engineers 
don't want dust on mirrors or camera lenses, or 
problems with switches or circuits. 

“Residue can cloud a lens or alter the properties of 
a thermal radiator but clean rooms give us control,” 
explains Acord, who says anything going into a 
clean room is wiped down with a solvent such as 
de-ionised water or strong isopropyl alcohol at 180 
proof. “We do worry about contamination, whether 
its particle type or organics. There are lots of places 
in the Solar System where we think life could have 
existed or may still exist and we want to be sure we 
don't introduce biological contamination from us 
humans on Mars or Europa." 

It's a tricky process and not without its surprises. 
In 2013, a rare microbe was found to have survived 
in clean rooms in Florida and South America, which 
sparked concern it could survive on a spacecraft, 
too. “Bacteria are innovative little things,” says Acord, 
who adds that cleanliness wasn't always the way; 
engineers making space rockets used to wear casual 
clothes and even smoke. But things have changed in 
that respect over the years. 

“If you compare Voyager, with its very primitive 
onboard computers, to something like Curiosity, 
which has a massive amount of software by 
comparison, you'll see how we've had to adapt,” says 
Acord, speaking of the reliance on data buses and 
software in today's spacecraft. The materials used are 
also changing. Construction tends to use traditional 
aluminium and aluminium alloys, stainless steel and 
titanium, but next-generation materials are being 
developed. “We're looking at nanotechnology as part 
of the material properties,” says Brown. “It's about 
getting the right combination in terms of weight, 
because weight is a premium.” 

And yet one thing that hasn't really altered is the 
time taken to actually assemble and test a spacecraft. 
Even though advanced robots put together the 
components of spacecraft with a large dollop of 
assistance from scientists, engineers and technicians, 
they still take between 16 and 22 months to complete 
primarily because there's not a lot of technology 
you can use to speed up how long it takes to install 
a bolt and torque it to specification. But not only is 
it important to take the time to get things right, it 
opens up ample opportunity for test and operations 
crews to acquaint themselves with the spacecraft. 

The operations team, for example, will spend 
many months studying how the spacecraft will work 
and fly. ESA’s Andrea Accomazzo, the Rosetta flight 
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Spacecraft construction takes place in a clean room to 
reduce the chances of contaminating other worlds 


A wide-angle view of the High «4 
Bay 1 clean room of the Spacecraft 
Assembl¥Facility at NASA’s Jet 


—'¥-, Propulsion Laboratory 
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ExoMars comprises both a 





















® Trace Gas Orbiter RG) Seema sae intial alone oiee 
What it does: Measuring 3.2m by 2m by 2m ! What it does: The Colour and Stereo Surface 
(10.5ft by 6.6ft by 6.6ft) and with a mass of Imaging System, CaSSIS is a hi-res camera 
3,618kg (30,022Ibs) at launch, the Trace Gas with a resolution of 5m (16.4ft) per pixel. 
Orbiter carries a scientific payload to Mars. What it’s made of: Four-mirrors held in a 
What it’s made of: Carbon reinforced polymer - carbon fibre reinforced polymer structure and 
aluminium honeycomb material mounted on a rotation mechanism. 
Company building it: OHB System | Company building it: University of 
and Thales Alenia Space France Bern, Switzerland 
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Rane ln lalate 
What it does: This steerable 2.2m 
(7.2ft) dish is used to transmit data to 
and from Earth and receive commands. 
There are also three low-gain antennas. 
What it’s made of: Metal parabolic 
reflector with small feed antenna 
Company building it: Thales Alenia 
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What it does: Nadir and Occultation for 
Mars Discovery is a combination of three 
spectrometers: two infrared and one 
ultraviolet. They can identify parts of the 
atmosphere, including methane. 

What it’s made of: Electronics and 
spectrometers 

Company building it: Institute for Space 
Astronomy, Belgium 
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FREND neutron detector ® 
What it does: The Fine Resolution Epithermal 
Neutron Detector is able to map hydrogen on the 
surface of Mars to a depth of 1m (3.3ft) and that 
will reveal water-ice deposits close to the surface. 
What it’s made of: Four 3He counters 
Company building it: Space Research 
Institute, Russia 


Atmospheric Chemistry Suite ® — ® Schiaparelli's back shell 





® Schiaparelli demonstrator module 


What it does: The Atmospheric Chemistry Suite What it does: It contains. a What it does: Launched with the Trace 
(ACS) is made up of three infrared instruments thermal protection system, Gas Orbiter and weighing 600kg (1,322Ibs), 
that will be used to study the structure and instrumentation and a Schiaparelli is the ExoMars entry, descent and 
chemistry of the Martian atmosphere. oye] e-@ ae REN CLL landing demonstrator module. It will enter the 
What it’s made of: Spectrometers and What it’s made of: Backed Martian atmosphere and land on the Red Planet. 
an electronics box by thermal protective tiles What it’s made of: Aluminium with carbon fibre 
Company building it: Space Research Company building it: reinforced polymer skins. It uses a heat shield 
Institute, Russia Thales Alenia Space Italia material called Norcoat Liége, a flight-proven cork 
powder and phenolic resin-based ablator 
— ti — ai ai Company building it: Thales Alenia Space Italia 





Countries involved: 
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PANU ar] Belgium Canada Finland France | Germany Italy Netherlands Norway Poland SUEY Fe] Spain Switzerland UK USA 
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WISDOM GPR antenna horns ® 
What it does: The Water Ice Subsurface Deposits 
on the ExoMars rover including PanCam - the Observation on Mars investigates the subsurface 
Panoramic Camera, which will digitally features of Mars to understand the origins and 
map the terrain of the Red Planet. resources of the landing site, and the state of H20O. 
What it’s made of: 11 filters on filter wheels What it’s made of: Two identical dual-feed, fully 
in front of wide angle cameras polarised Vivaldi horns for transmission and reception 
Company building it: University College London Company building it: LATMOS, France 
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Rover cameras 
What it does: There are a variety of cameras 






















® Deployable solar array panel 
What it does: There are five solar panels, one 
fixed, four deployable but all used for power 
in combination with a lithium-ion technology 
secondary battery module. 
What it’s made of: Interconnected silicon cells 
Company building it: Saft (developing the 
advanced battery) 
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—o : | fie: ee What it does: It provides motion on Mars’ surface 
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using six wheels suspended on an independently 
What it does: This houses the drill that will acquire soil pivoted bogie and has sensors for precise motion 
samples to a depth of 2m (6.6ft). It includes the Mars control. It can handle the traction of the rover, 
Multispectral Imager for Subsurface Studies (Ma-Miss), allowing it to traverse obstacles and climb slopes. 
which will come into closest contact with Mars’ subsurface. | What it’s made of: Metal 
What it’s made of: Metal feet Company building it: MDA, Canada, and RUAG 
Company building it: Finmeccanica, Italy oe Space, Switzerland 


ai Iw HE 


© Surface platform of Schiaparelli Dm ee eee ® The DREAMS package 
What it does: Contains the payload, propulsion What it does: The MetMast contains the What it does: The Dust Characterisation, Risk 
system, separation mechanics, crushable various MarsTem, SIS, MetWind and DREAMS-H Assessment and Environment Analyser on the Martian 
structure and radar doppler altimeter. science instruments. Surface is the surface payload on Schiaparelli. It contains 
What it’s made of: Various components What it’s made of: Various sensors many sensors; MetWind to measure wind speed and 
Company building it: Thales Alenia Space Italia Company building it: Thales Alenia Space Italia direction; DREAMS-H for humidity; DREAMS-P for 





Company building it: Thales Alenia Space Italia 


ae pressure; MarsTem for atmospheric temperature close 
ai a to the surface; and SIS for the atmosphere. 
, ras What it’s made of: Comprised of various sensors 
+ 
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atmospheric electrification 
What it does: This instrument provides the first 
measurements of the electric fields on Mars’ surface. 
MicroARES stands for Microscopic Atmospheric 
Radiation and Electricity Sensor. 
What it’s made of: Electronic board with amplification 
line and a real-time data processing digital processor 
Company building it: Thales Alenia Space Italia 
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How does a spacecraft get from the clean room to the launch pad? 


Finishing up Air delivery 

Once all of the construction work has been Typically, a spacecraft is transported by air. 
completed on a spacecraft and it is ready for Here, Phoenix arrives at Kennedy Space Center's 
launch, the craft is packed away, wrapped up and Shuttle Landing Facility in Florida, having been built 
transported to its launch location. by Lockheed Martin at Littleton, Colorado. 





To the clean room Preparing the rocket 

Although construction is complete, it is still In order to get a spacecraft into space, it needs 
important to keep the craft free from contamination. to be strapped to a rocket. Engineers in this image 
It is unpacked and processed in a clean room where are testing the Delta II rocket in a hangar at Cape 


engineers carry out a series of tests. Canaveral Air Force Station in Florida. 





Rocket assembly 

The rocket is prepared with the boosters 
attached, as can be seen here at Launch Pad 17-A. It 
is readied for the attachment of the spacecraft. 





Preparing the rocket On its way 
Now the spacecraft is ready, having undergone Fully wrapped, the spacecraft is taken to the 
final testing. It is once again covered up and a launch pad on the back of a vehicle where it will be 


shipping canister is placed over the top of it. attached to a crane and attached to the rocket. 





director and head of the Solar and Planetary Missions 
Division, compares spacecraft operation to the mobile 
phone operating systems Android and iOS. “You more 
or less do the same thing with them but in a slightly 
different way,” he says. But knowing how to perform 
a Manoeuvre with a spacecraft costing hundreds of 
millions of dollars requires much more learning than 
navigating the different mobile phone menu systems. 

It’s important that those on the ground can control 
What's in the air. “In Operations, we start well before 
the spacecraft is ready,” says Accomazzo. “We develop 
the systems we need on the ground to control the 
spacecraft and we specify and develop the software 
and the tools we use to fly the spacecraft. We're the 
designers, the developers and the pilots. We have to 
train ourselves to fly and operate the craft or rover." 

As a spacecraft's ultimate users, they have to 
work on how they want to implement the various 
elements, conducting various tests with the 
spacecraft while it’s still on the ground. “This is 
mainly to validate that our systems can fully monitor 
and control the spacecraft,” says Accomazzo. “So if 
we activate a control function, we need to see how 
it reacts and understand the correct procedures to 
activate it. We need to know what the parameters are. 
So we do simulation campaigns. We have a software 
simulation of the whole system and, depending 
on the complexity of the mission, we will spend 
between two and six months meeting twice a week 
to develop a scenario." 

It’s a crucial part of building a spacecraft. 
Simulation officers will test how the crew reacts 
to various situations so that, as the mission gets 
underway, everyone is well prepared. “People 
interpret it as an exam but it’s real training,” says 
Accomazzo, of a process that continues right up to 
launch. Before that day comes, though, the spacecraft 
has to undergo some tests of its own. 

With a spacecraft assembled, it will be taken to 
another clean room (in the case of ESA, for example, 
this is the European Space Research and Technology 
Centre (ESTEC) in the Netherlands, while NASA has 
test facilities within the SAF). The spacecraft will be 
put through a variety of simulations, from shaking 
it to experimenting with acoustics vibrations in an 
acoustics chamber. This is important because launch 
vehicles are very noisy and produce a lot of acoustic 
energy, particularly close to the ground in the first 
few seconds of the mission. 

“We expose a Satellite in its launch configuration 
to a very high sound level, like it would see during 
launch from the rocket, to demonstrate if the 
satellite connection will survive the environment,” 
explains Brown. “Some satellites will also go through 
separation tests, which simulate and put stresses 
and forces and loads into the spacecraft, just as it 
would as it's being lifted off and launched. We'll test 
the antenna and see if the satellite can survive in a 
magnetic environment, too." 

Testing takes a few months, with the engineers 
keenly watching the time so that the launch date 
doesn't slip (celestial mechanics don't make for 
flexible delivery dates - miss a launch window 
to Mars and it'll be two years before the next 
opportunity comes along). Even so, nothing is left to 
chance. “We have a space simulator where we can 
cool the walls of the chamber with liquid nitrogen to 
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simulate the cold of space,” says Acord. “And we have 
a solar simulation to imitate the intensity of the Sun, 
which is useful for simulating a mission to the edge 
of the Solar System and beyond, or to Venus.” 

Of course, problems could surface when a 
spacecraft is on its way through space, which is 
why they are designed with redundancy in mind. 
“As far as possible, every subsystem or unit has a 
redundant unit so if one fails you can use the other 
one,” explains Accomazzo. Yet some units cannot be 
duplicated - such as the large antenna and the main 
engine - so if either of those failed there would be 
trouble. “We try and make the spacecraft as reliable 
as possible, though,” assures Accomazzo. 

Even when the spacecraft is being readied for 
launch and has left the clean room for the launch 
site, it continues to be tested. “There's an old saying, 
you never stop testing, you just run out of time,” says 
Allen Chen, lead of the Mars 2020 Cruise and Entry, 
Descent and Landing Phase. Crews on the ground 
will check the spacecraft’'s functions have survived 
its journey but even when it's been launched, tabs 
are kept on its functionality. “We're checking that 
everything we need for entry and landing is correctly 
working and we're checking out the surface as well,” 
says Chen, who was a lead engineer on NASA's 
Curiosity team. 

As a spacecraft nears its destination, scientists will 
work out where the spacecraft is and ensure it’s on 
target for its intended destination. “We need to know 
where we are to do manoeuvres to get the spacecraft 


Test spacecraft are created as part of the construction 

process. This image shows Boeing's test of the CST- 

100 Starliner as it is dropped into a 6m (2Oft) deep 
~~Hydro Impact Basin to test for astronaut safety 


“We're the designers, developers and the 
pilots. We have to train ourselves to fly 
and operate the craft" 
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Bobak Ferdowsi, also known as "Mohawk Guy", talks 
about the moment the rover touched down on Mars 


Is it hard to cope with the communication 
time delay when you are landing a 
spacecraft on another planet? 

Well, you have seven minutes of terror and 


Ferdowsi has become 
known as Mohawk Guy 
after a personal shoutout 
from Barack Obama 


What's involved on the day of landing in 
terms of getting the spacecraft to land? 
There's not a lot to do on the day itself. Most 
of the work is done beforehand when we 
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try to go through all the stages necessary 
for a spacecraft to land itself. There are 
opportunities to do additional manoeuvres to 
improve the targeting accuracy of the landing, 
HOG MOL c1K cee Doe DYN NONI 1KcI am Oe rel —cw (OMA elm BUR RTIB TS 
of things, so for example where we believe the 
1 8(@\<]8)8(o1e (Mm ble )bb ALG reba (ccmlem B\or 

But, for the most part, that doesn't happen 
on the day of landing. We like to say at some 
point there is a set of diminishing returns of 
changing things, where the possibility that you 
would have an outcome that you didn't expect 
because you changed something last minute is 
greater than leaving it alone. 


sii maeiCcMdeccwie MMe ie leh aceed| 
complications on that day with Curiosity? 
We had standard policy not to do anything in 
the three hours before landing - that’s where 
we really drew the line in terms of risk. As 
with many things, we have to be ready for 
something happening but we hope we never 
encounter it. 


then in addition to that a 14-minute delay and 
that's another reason why we don't tend to do 
things in real time. Everyone approaches it in a 
different way, certainly in terms of planning and 
testing. You have to have complete trust in your 
design and testing of that design to make sure 
everything works. But I found that on the day of 
landing there was a calming effect, that at some 
level it was kind of like knowing you have taken 
the big exam and not knowing the results for 

a while. It's easier than watching it land in real 
time because you know its out of your control. 


The day brought a level of fame for you as 
well - your distinctive haircut earned you 
the nickname Mohawk Guy. Were you at 

PUI tlgoye terre 

It wasn't until the next morning that it really 
started. It was a strange emotional state to be 
in - we had worked on this thing [the mission] 
for several years and it was done: a release. But 
then having the extra fame or notoriety was an 
interesting experience for me. 
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How using natural forces can reduce the amount o: 
propellant needed for a spacecraft's journey to space 


We have lift off 

In order to reduce the 
amount of propellant used by 
a spacecraft, a technique was 
developed in the 1960s to make 
use of the relative movement 
and gravity of a planet. It was 
called a gravitational assist. 


First swing-by 

In this diagram we are 
seeing how the spacecraft 
Cassini-Huygens first swung 
by Venus en route to Saturn, 
allowing a change in velocity of 
ERC ee 


Deep space 
manoeuvre 
In December 1998, Cassini- 
Huygens fired its large onboard 
rocket engine for 90 minutes, 
altering its trajectory so that 
it could swing by Venus for a 
second time. This manoeuvre 
slightly slowed its speed. 


Second swing-by 
The manoeuvre changed 
LUN oM<) y= (e161 | AMM Oye APM) alellatem 


back towards the Sun so that it © 


could get the maximum boost 
in speed from Venus’ gravity 
ona second flyby. It swung by 
in June 1999, causing another 
increase in its speed. 


Back to Earth 

The momentum took the 
spacecraft back towards Earth's 
solar orbit where it stole energy 
and gained speed, increasing it 
by another 5.5km/s (3.4mi/s). 


Heading 

towards Jupiter 
The speed was enough to boost 
the spacecraft towards Jupiter 
Vat RMA Oley) nae) e Maar La) 


(1.4mi/s). That was enough for 
the four-year journey to Saturn. 


Jupiter 


Saturn 
a year later, gaining a further ~ | : l 
gravitational assist of 2.2km/s Ng 


lade 


Cassini —“ 


The Huygens’ descent 
module and heat shield 





to where we want it to be,” Chen explains. “We also 
need to know where it is when it hits the top of the 
atmosphere and that the vehicle itself knows where 
it is." To help, they have copies of the spacecraft in 
test-bed form in the control room. For Curiosity, for 
instance, the guts of the Mars Science Laboratory 
(MSL) vehicle are laid out in racks. “We can play with 
it as if it's the real thing and use simulations to help 
convince the vehicle of where it’s at,” he adds. 

It is also possible to make some amendments 
to the spacecraft while it is in flight, showing that 
it's effectively still being ‘built' while in operation. 
“During cruise we put up a new version of the flight 
software for the landing just to take advantage of 
the things we had learned during testing,” says Chen 
of the MSL mission. “There's a critical period before 
entry, descent and landing which we call approach. 
That's getting the vehicle ready for landing and that’s 
a whole bunch of tasks to prepare the vehicle to do 
what it’s going to do.” 

When the big day comes though, there are - 
ironically - fewer choices to make. “By that point, 
we've kind of cast most of our dice and there's not 
a whole lot you can do,” explains Chen. But all of 
the preparation that has gone into building the 
spacecraft, making sure it works well and ensuring it 
has got to the right point in space should pay off, and 
invariably it does. 

“There's not a lot left to do except sit there and 
worry,’ says Chen of the nail-biting moment when 
years of hard work reaches a critical mission point. 
“We have to be ready for stuff to go wrong,” he adds. 
Yet with a spacecraft in orbit or safely on a planet 
there can be a huge sigh of relief. “When little does go 
wrong it's a nice pleasant surprise.” @ 


32 











“The space simulator can cool the walls 
of the chamber with liquid nitrogen to 
simulate the cold of space” 
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Interview Holidaying in space 


Holidaying in space 


Ron Garan has spent 179 days outside Earth's atmosphere and now he wants as 
many people as possible to follow in his footsteps 


Interviewed by David Crookes 


What was it that inspired your love of space and 
space exploration? 

I wanted to be an astronaut from July 20, 1969 [the day 
that Neil Armstrong made space history]. The Moon 
landing was one of my most vivid childhood memories 
and - in a way that I probably couldn't explain at the 
time - I realised that we had become a different species; 


a species that was no longer confined to our own planet. 


That really excited me. From that moment, I wanted to 
be a part of the group of people who explored what was 
over the next hill, if you will, and what was out there in 
space. That became my goal. 


What were the steps that you took to achieve that? 

I took the traditional route. I became a fighter pilot and 
literally became a test pilot, testing aircraft for the US 

Air Force. I got a couple of advanced degrees along the 
way that helped with the skill set and I eventually joined 
NASA. Of course, once you're in there are a number of 
years of training that you go through before you're even 
qualified to be assigned to a mission, and in my case, I 
Was training for seven years. Some of that was because 
of Columbia - there were three years when we didn't fly 
- but in any case you have a number of years to learn the 
basics and the systems of the spacecraft. 


“When the Soyuz came to rest, I saw a 
rock, a flower and a blade of grass and I 
™m home 


distinctly thought to myself, 
| } tad yy" = 
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Ron Garan completed 
three spacewalks in total 
during STS-124 in June 
2008, with each spacewalk 
lasting over six hours 
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What does the training entail? 

Astronauts are trained how to do spacewalks and robotics 
and all of the expeditionary part of training, such as how 
to deal with other people in a confined space. The list 
goes on. There's Russian language and medical training 
and all that kind of stuff. Once you have completed all of 
that youre assignable and, for a Space Shuttle mission, 
you have to complete a one-year programme, which 
means from the time that you are assigned to your crew, 
you have to train together for 12 months to do what you 
will specifically do on that mission. For an International 
Space Station mission, it's two-and-a-half years of training 
and around half of that time is spent outside of the US, 
training in Russia, Canada, Europe and Japan. 


How did you find travelling and working in a 
confined space? Was it difficult? 

No, not really. The ISS is a very comfortable place to 
live. The difficulty is the complexity of the spacecraft 
that youre involved with and the experiments. All 

of the things it takes to maintain the ISS, such as the 
spacewalks outside, are the most challenging aspects. 


Did you notice a big difference between the US and 
Russian missions you undertook? 

In the Space Shuttle you are inside of this massive, 
powerful vehicle. Soyuz, on the other hand, is compact 
and your knees are in your chest so it feels as if the 
rocket is strapped to your back. You are very aware 

of what's going on. Both of those launches are very 
exciting and a lot of fun but, for me, there was this stark 
difference. Staging on the Space Shuttle, where the 
rocket boosters are burnt out, you don't really get a lot of 
physical feedback. But when you stage on a rocket, it’s 
very noticeable and youre getting thrown back. 


What did you learn from those experiences from a 
professional point of view? 

My goal in both of those missions was to make a 
contribution to wider understanding. I'm not someone 
who does risky things for the thrill or the danger of it. 
I'm not a daredevil but I did those risky things because 
there was a significant pay off for that. 1 wouldn't have 
taken that on if I didn't feel it would have been a great 
investment for our future. My goal was to have the most 
efficient and productive mission possible. My speciality 
Was construction so with the STS-124 mission in 2008, 
we were putting up the Japanese laboratory on the ISS 
and we wanted to do that quickly. On my second, longer 
mission in 2011, my goal was to help with the transition 
from construction to utilisation in the ISS, and to make 
sure the experiments would be carried out efficiently. 


What about from a personal point of view? 
I didn't set out for this to happen but I think that 
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tion on two missions, 

once on the Space Shuttle 
(STS-124) and the other ona 
Soyuz spacecraft (TMA-21). 
‘He has also completed four 






'__ Spacewalks. As an aquanaut, 


he plunged to the depths of 
the ocean, spending just over 
18 days in Aquarius, Earth's 
only undersea research lab. 


Having retired from NASA >. 


two years ago and spent time 
writing his book The Orbital 
Perspective, the former Gulf 
War pilot has joined World 
View Enterprises. As its chief 
pilot, he’s looking to take 
tourists into space via balloon. 


because of the missions I was on, I have a really unique 
perspective of the planet that we live on and so my 
personal goal was to be able to share that as best I could 
with as many people as possible. On my second mission, 
I created a mechanism to do that, which was an initiative 
called Fragile Oasis at www.fragileoasis.org, and the idea 
was to bring people along on the mission, not just as 
spectators but as fellow crewmembers and to use this 
unique perspective - which I call the orbital perspective - 
to inspire people to make a difference and work together 
to solve our shared problems. 


Is this what led you to work for World View 
Experience - a desire to involve other people? 

Yes, I left NASA two-and-a-half years ago and everything 
that I have done is to figuratively transport people to this 
higher vantage point. I wrote a book and created start- 
ups, including a fully immersive civilian space-training 
academy. What World View [Experience] allows me to do 
is not just do it figuratively, but to literally take people to 
that vantage point and share that perspective. 
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With World View Experience, you get to spend 
around five hours in the air. Is that important? 

Yes, the more time you have to process the experience, 
the more impact and transformation you'll feel. The other 
aspect is how comfortable you are when you experience 
it or are you more concerned with the discomfort than 
the view out of the window. So it’s important for it to be a 
long and comfortable experience. 


Is this because your comfort level when re-entering 
Earth on the Russian spacecraft Soyuz was 
infamously uncomfortable? 

[Laughs] Oh, but it was fun. It was a beautiful experience. 
We undocked from the ISS, did a couple of laps around 
the planet and as we passed South America, I remember 
seeing a crescent Moon out of the window. We fired the 
engines just long enough to enter the upper atmosphere, 
and we separated our spacecraft into three pieces. As 

we hit the upper atmosphere, the sky started tuming 
from black to pink and then we started to see sparks, 
which became a shower of sparks. The shower of sparks 





Holidaying in space 
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Garan looks out onto part 

| of the International Space 
ation, some 402km (250mi) 
above the Earth's surface 































became fire and flames, [which] burnt the window glass 
and the Gs began to build up. The big dynamic event 
was the jump shield and we got thrown all over the place 
like three guys on the end of a towel. Eventually, that 
settled down and the next big event was being thrown 
all over the place again. The film on the window peeled 
away so you could see out again and the ground came 

to meet you. I remember the impact of the ground being 
significantly harder than I anticipated. We bounced and it 
Was quite a long ride. 


You ended up in Kazakhstan, didn't you? 

Yes, by design. And one of the big things I do to sell that 
story - and one of the interesting insights I had at the 
moment - is that when I finally came to rest, the window 
Was pointed at the ground and I saw a rock, a flower and 
a blade of glass and I remember distinctly thinking to 
myself, “Im home.” And immediately I thought, “Wow, 
I'm in Kazakhstan.” And to me, at that moment, my 
home was the Earth and that’s one of the things that 
going into space will provide for people and hopefully 
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Garan believes the human 
race will benefit greatly from 
spending more time looking 
down on Earth from above 


Ron Garan in the ISS Cupola - 
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welll be able to do that with World View Experience. We 
can redefine the word ‘home’ The definition of home can 
have profound implications for how we deal with a lot of 
problems and how we solve them. I think that's one of 
the most positive aspects of space exploration. 


At the same time, you've made some strange parts 
of Earth your home, such as the ocean floor? 

That was a perspective shifting experience for me, too. 

I have visited coral reefs before; I had scuba dived but I 
had never, up to that point, been a resident of a coral reef. 
We got to know our neighbours and they got to know 

us and we became part of the neighbourhood. It was 

an incredible experience that completely changed my 
perspective of the ocean. It reinforced my appreciation of 
the ocean and how critical our oceans are to the other life 
support systems on the planet. 


What did living down there tell you most? 

That there's a whole other world that we don't normally 
see. Sleeping on the bottom of the ocean was incredible 
and I would never have thought I would have gone on a 
night dive. I would have said “no way” because I've seen 
Jaws and I know what happens at night down there. But 
it was wonderful and it opened up a whole new part of 
the world that I haven't experienced before. 


Those kinds of missions are important for advancing 
science, aren't they? 

I got a lot of valuable training out of that but it was a real 
science mission, with robotic surgery, lunar exploration 
procedures and a new spacesuit design. It was a very 
busy research mission. 


How does space tourism fit into this? It’s a growing 
area with a few companies looking to take people to 
space. Are you all part of one ecosystem? 

Yes, we are and we don't feel competition there. The more 
Ways and the more avenues that are available for people 
to have this experience and the more people who have it, 
the better off our planet will be. It would be good to send 
some politicians up for this. 


How will people prepare for it? 

We're not going to low Earth orbit. We're going 31 or 32 
kilometres (19 or 20 miles) up versus the 402 kilometres 
(250 miles) of the International Space Station. But people 
will see the blue sky turn to black as we ascend up to 99 
per cent of the atmosphere and they will be able to see 
the thinness of the atmosphere. They'll be able to see 
the curvature of the Earth and look at the Sun against 

a black background as opposed to the blue background 
they see for their entire life. That will have a potentially 
transformative effect on people. 


Will it affect you too, the more you go up there? 

I think it will. One reason is that the more time you 
spend with that perspective, the richer the transformation 
becomes but the other aspect is the experience with 
other people. One thing I'm excited about is being with 
people experiencing that perspective for the first time. 
It's about what they do with it and how they translate 
that experience to a personal call for action, whatever 
that means for them. A great number of people will see 
their place in the world change. Of course, some will be 
going on a thrill ride and that’s okay, but for a significant 
number of people, it will be much more than that. 
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Do people need to go through a lot of training for 
these flights? 

There's a difference between training to physically fly 

in a capsule and training to get the most out of the 
experience. So we are going to offer training on how you 
can make the most of your five-hour voyage. 


Are there risks involved with this? 

There are. We're flying through 99 per cent of the 
atmosphere so there will be a robust and challenging 
flight test programme and it’s an incremental 
programme. We'll make sure that everything is 
accomplished safely. By the time we fly the voyagers - 
our clients - we will have reduced the risk to the lowest 
possible point but you can't reduce it to zero. There will 
always be some risk but relatively speaking because 
this is not a controlled explosion out of the back of a 
rocket, and as it's a new innovated twist on 100-year-old 
technology, there's a lot less that can go wrong compared 
to riding a rocket. 
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For 2017, a record number of people have applied to 
become NASA astronauts. Does that surprise you? 
Not at all. Space is so much more accessible now. 
Astronauts are using social media and they are sharing 3 
their experience; they are bringing people along with Dr. A 
them on the journey. Everybody is realising we're on 


the verge of a blossoming commercial spaceflight ‘ We Te Of) the Ve rge of d blo S soming 


industry and it’s no longer going to be just a handful of 


governmenttrained astronauts going into space. It's going Sp dCce tae indu Stry and it iS hho longe T 
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Ron Garan enjoying his 
time in the observatory 
module of the ISS, which 
was built by the ESA 
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Future Tech Black hole power 
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Interstellar flight will need a as mount of energy: 
‘we may be able to store itina n iniature black hole 







Kugelblitz 
The heart of the starship 
Pai . would be the Kugelblitz 
microscopic black hole, the 
most incredible store of 
energy yet imagined. 
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Proxima Centauri — 
~~ Our closest neighbour 
is ared dwarf star 
4.3 light years away. 
CUTE Rene md) 
likely target for initial 

J 2 

interstellar exploration. 
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extracted from the 
Kugelblitz by catching 
the Hawking radiation 


coming off it on an 


, aia enclosing shell. * 
The most efficient way 


. to use the Kugelblitz 
» iS aS an energy source 
* used to power a : 
_ separate dedicated 
propulsion system. 
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Interstellar distances are difficult to conceive. Our nearest 


’ . SESE U cw ca C0), 41 00eM@\oI8 1-10 (CORON USM MOMS SLURY(crel CHEN CNY 
~ Crew shields e That’s more than 266,000 times the distance from Earth 
MMU ivam act sie4 Navigation @ to the Sun and if our fastest spacecraft, Voyager 1, which 
conversion shell, the Kugelblitz Although the starship ‘ is flying at 18 kilometres (11 miles) per second, were 
and engine are likely to be would be travelling headed that way it would still take 80,000 years to get 
pretty inhospitable hardware. very quickly, the there. For humans to be able to explore the galaxy we are 
PUA K elm Cele M TEL 16) Starfield would going to need another way to travel, but while the focus 
Tole lifer i olcel raise) tb change very slowly, so : has been on the propulsion side of the puzzle, equally 
whol ie challenging is how we power such journeys. But there's 
te accomplished by * a strange concept that might solve both problems: the 
SO ee pe oe » Schwarzschild Kugelblitz, a craft powered by a black hole. 
ee ‘ To make interstellar journeys in a reasonable time we 


will have to achieve a good per cent of the speed of light 
(300,000,000 metres or 984,252,000 feet per second). 
For every kilogram (2.2 pounds) of mass that makes up 
the composition of a spacecraft and its payload, when 
travelling at 99.9 per cent the speed of light it will have 

a kinetic energy more than six times that contained in 
the 1961 Tsar Bomba, the largest nuclear weapon ever 
detonated. All this energy must be safely stored in a form 
that can be built into a spacecraft, and supplied to the 
prospective starship without destroying it. 

Writing in 1955, American physicist John Wheeler 
(believed to have coined the terms ‘black hole’, ‘wormhole’ 
= and ‘quantum foam’) proposed that if enough energy 
ALS could be concentrated into a small space, the energy 
we would form a microscopic black hole. He nicknamed 
this concept the Kugelblitz - meaning ‘ball lightning’ in 
German - and as a black hole is defined by being mass- 
energy squashed so that its gravity won't let light escape, 
compressed within the Schwarzschild radius, it has 
become known as the Schwarzschild Kugelblitz. 

Counterintuitively, black holes actually produce 
radiation; it was first proposed by Stephen Hawking in 

. 1974 that when quantum fluctuations happen next to 
y } the horizon of a black hole, it leads to the creation of two 
“a SET al tol particles, but instead of the particles annihilating each 
Z Ua ola) 6 other, one gets sucked into the black hole letting the other 
a ae see escape. Because of the conservation of energy, this process 
. uses up energy from the black hole, and unless it sucks in 


large to cope with ; ee ; ; 
ORO ai Le more stuff, this Hawking radiation will eventually cause it 











TE CR CRS CATAnT | to evaporate. This effect would be even more pronounced 
have plenty of room , with a Kugelblitz micro-black hole, enabling us to extract 
onboard for the energy from it. A practical Kugelblitz will be a balancing 
” multi-year missions. act - it must be small enough that it makes enough 
Hawking radiation, light enough that a spacecraft carrying 
© Power transfer it can accelerate it, but big enough to last long enough 
As well as providing to be useful. Such a Kugelblitz would be smaller than 
power for propulsion, a proton, yet have a mass of 606,000 tons, and would 
the Kugelblitz would be produce 160 petawatts (over 10,000 times the power 
the energy source for* consumption of humanity) for 3.5 years. 
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Pet PAs Plat iS a 1 OOO times. all of its energy and using this to drive a heat engine 


of some sort. Assuming 100 per cent energy efficiency, 


the Oras COnSUMmM tion of this could accelerate a craft to ten per cent of light speed 


in 20 days. The engineering challenges are huge, but 


hu manity ae for 3 = ye Pleo the Kugelblitz is the most compact energy source ever 


conceived, even over anti-matter. Perhaps one day it will 
be powering humanity across the stars. @ 
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a Date hYs now be a matter of when, and not 
if we aera another planet like our own 


rnc by Kulvinder Shit Chadha. 


SU ste Stee atieonicl9 of an salen heraldeda 
revolutign. for astronomy, eventually revealing just 
how many. such objects could exist in the galaxy. It 


turns out that they are a legion. Now a second, more - 


exciting revolution is taking place in exoplanetary 
science: the search for habitable, Earth-like worlds. 
When: the first exoplanets - planets in other star 


systems - were being found from 1989 onwards, 


they were initially gas giants like Jupiter, and quite 


. often much larger. Exoplanet detection was very. 


much in its infancy throughout the 1990s due 

to the technological limitations of the time, so it 
made sense that Jarge gas giants - and even larger 
‘brown dwarf objects’ - would be the first targets 
to be spotted. Those orbiting very close to their 
parent stars also generated strong and rapid signals 


for the transit and radial velocity search rela steam 


‘ which were responsible for the nro) 8a of exoplanet 
- discoveries. Although this was a major development 


KOM C Araceae eee all Bar lem combine 
their ingenuity to actually tind these worlds. Even 


declipabecis exoplanet from 1989 (Gamma Cephei Ab) ) 


couldn't be officially confirmed as a planet until , 
2002. And none of the discoveries seemed to answer 
fants most obvious and tantalising question: are WetoKe 
ics mee T eT worlds like Earth out there too? 
Sirice.those pioneering days, astronomers have - 
developed a toolkit of exoplanet search techniques 
to help them answer this very question. They've 
been helped in no small way by the development 
of rapidly deforming mirrors that counteract Earth's 
turbulent atmosphere and increase the resolving 
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How we'll find another Earth 


power of ground-based telescopes (adaptive optics), 
ever-more powerful computer systems and better 
search algorithms. But discovery of the most 
exoplanets has so far been bagged by dedicated 
space-based missions such as the European Space 
Agency's (ESA's) Convection Rotation and planetary 
Transits (CoRoT) and NASA‘s Kepler Space Telescope, 
launched in 2006 and 2009 respectively. 

At the time of writing there are 1,995 confirmed 
exoplanets, with thousands more possible candidates 
awaiting confirmation. And Kepler alone has 
discovered the large majority of these using the 
transit method. That is, Kepler observes changes in 
brightness as planets cross in front of their host stars 
- provided their orbital orientations allow that from 
the spacecraft's vantage point. Kepler’s main aim was 
to try and spot Earth-like planets orbiting Sun-like 
stars, especially in those stars’ habitable zone (HZ), 


which is the orbital region within which a planet 
could support liquid water - an essential requirement 
for life. Too far away from the star and any planetary 
water could freeze, and too close and it could boil 
away. The HZ is also known as the ‘Goldilocks Zone’, 
as it is not too hot, not too cold, but just right. 

So of all the exoplanets found so far, are any of 
them small and rocky like Earth? According to NASA 
Jet Propulsion Laboratory's New Worlds Atlas, the 
total number of terrestrial, Earth-like planets among 
the 1,995 found currently stands at 93. The largest of 
these, GJ 58le, has just over three times the mass of 
Earth, while the smallest, PSR B1257+12, has a mass 
1.6 times that of our Moon. Do any of these worlds 
reside within their stars’ habitable zones? Yes. In fact, 
24 such worlds have been confirmed since 2011, with 
a further 24 candidates awaiting confirmation since 
2007. The majority of these discoveries also come 


“The study of terrestrial worlds should 
help to solve mysteries like — Earth 

has a biosphere while its two closest 

planetary neighbours do not" 
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Ground-based telescopes 
such as the JKT in La Palma 
will be as essential as space- 

based missions in hunting 
down Earth-like planets 
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from Kepler, which has already doubled its original 
3.5-year mission life. 

Using Kepler's data in 2013, Erik Petigura, a 
graduate student at the University of California, 
Berkeley, conducted an analysis of the likely number 
of habitable planets orbiting just the Sun-like stars 
in our galaxy. The estimate came to an astounding 
11 billion! But there’s a complication. A terrestrial 
planet residing within a star's habitable zone is still 
no guarantee of life - or even the presence of liquid 
water. A planet's atmosphere will play a huge - if not 
a determining - role in its habitability. 

In our own Solar System we can see that both 
Venus and Mars (which are either very close to, or 
within, our Sun's HZ) are very different places to 
Earth. Venus has an atmosphere composed almost 
entirely of carbon dioxide with 93 times Earth's 
atmospheric pressure. The prevalence of so much 
CO, (a greenhouse gas) in Venus’ atmosphere makes it 
the hottest planet in our Solar System, with a surface 
temperature of 467 degrees Celsius (873 degrees 
Fahrenheit). Compare that to the closest planet to 
the Sun, Mercury (54 per cent closer on average than 
Venus), whose night-side temperature can drop to 
-173 degrees Celsius (-279 degrees Fahrenheit) simply 
due to its lack of atmosphere. 

Although Mars’ atmosphere is also composed 
of CO, (95.97 per cent), the pressure is six per cent 
that of Earth's at sea-level and the temperature can 
swing from -143 to 35 degrees Celsius (225 to 95 
degrees Fahrenheit). Although probes and landers 
show strong evidence that Mars may have once had 
flowing water in its ancient past, it is now effectively 
a cold, desert planet. Why then does Earth have a 
biosphere while its two closest planetary neighbours 
do not? The study of terrestrial worlds should help to 
solve mysteries like this. 

But that's if we can find them. Professor Debra 
Fischer is in charge of the 100 Earths Project at Yale 
University. The aim of this pioneering enterprise 
is to find up to 100 habitable worlds in the stellar 
neighbourhood using ground-based instruments. 

But detecting Earth-like worlds is difficult. The 
solution the team has come up with is the EXtreme 
PREcision Spectrometer (EXPRES), combined with 
new data analysis techniques developed at Yale. This 
instrument will utilise the radial velocity detection 
method, where scientists look for periodic wobbles 
in stars’ spectra as they are gravitationally ‘tugged’ 
by orbiting planets. From that they should be able to 
determine orbital periods and mass ranges. Although 
spectrometers are ubiquitous in astronomy and the 
radial velocity method is a well-established planet- 
hunting technique, EXPRES is the first instrument of 
its kind. “One of the instruments’ strengths is that it’s 
very high resolution. The combination of resolution, 
stability, and bandwidth are new,” says Fischer. 

The team have even designed a vacuum enclosure 
for EXPRES to sit inside, which will stabilise the 
spectrum as far as possible to make looking for 
periodic wobbles easier. This is necessary as EXPRES 
will be looking for stellar radial velocities of just 
ten centimetres (four inches) per second, while the 
current state-of-the-art is one metre (3.3 feet) per 
second. Once completed, EXPRES will be installed 
on the Lowell Observatory's 4.3-metre (14.1-foot) 
Discovery Channel Telescope. “This will focus on 
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Hubble vs. James Webb 


Scheduled for launch in 2018, the James Webb Space Telescope 
will show us Earth-like worlds like never before 


@ Secondary mirror 
The mirror brings 
dnCm nen 
primary mirror 
to a focus in the 
instruments behind 
the primary mirror. 





Leela rt 


Hubble has 
two panels that 
absorb sunlight 
and convert it 
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Instruments 
The aft shroud contains 


Hubble's wide-field camera, 


a high-speed photometer, 
faint-object spectrograph, 
faint-object camera, high- 
resolution spectrograph 
and fine-guidance sensors. 
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® Gold segmented 
primary mirror 
18 hexagonal segments 
made of metal beryllium and 
coated with gold are used to 
capture faint infrared light. 
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SIe(NGMICUSNm 
Module (ISIM) 

Webb's cameras and 
science instruments 

are housed in a module 
behind the primary mirror. 
















@ Trim flap 
This ensures that the 
spacecraft is stabilised. 


Secondary mirror @ 
The mirror reflects 
light gathered from the P 
primary mirror into the 
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Solar power array ® 
The solar power array is 


always facing the Sun, 
allowing sunlight to be 





® Multilayer sun shield 


Five layers shield the 


directly into ® Primary mirror 


electricity. EET a ara 


observatory from the 
light, radiation and heat 
from the Sun and Earth. 


converted into electricity 


(7.8ft) in diameter to power the observatory. 


Hubble's mirror is the 
smoothest of its size. 





Massive mirror @ 
Each of the James Webb's hexagonal- 
shaped mirror segments measures 1.3m 
(4.2ft) across - about the size of a coffee 
table. Together, the primary mirror folds 
out to a size of 6.5m (21.3ft) in diameter. 
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The 18 hexagonal \ 
<<“ >> mirror segments of | 
S—_§ the JWST's primary 
-<— mirror are currently a 
© under construction is 
and testing 


The deployment of 
the Hubble Space 
Telescope in 1990 
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To date, we Ve prorare several Seta aes that could be similar to our home planet 


Earth 


Size: 6,371km (3,959mi) 


Mass: 5.97x102*kg (1.317x107*Ib) ° 


Parent star: G-type. 


An artist's 

- impression ~ 
of Exoplanet 
hunter, CoRoT 


-Kepler-438b 


Size: 1.12 times Earth 

Mass: Unknown 

Distance: 470 light years away 
Parent star: Red dwarf 
Discovered by: Kepler Space 
Telescope (2015) 
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Size: 1.34 times Earth: ° 
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Size: 1.54 times Earth. 
Mass: 3.8 times Earth 


Distance: 1,120 light years away Distance: 23.62 light years away 


Parent star: Orange dwarf 
Discovered by: oe Space 
Telescope (2015) . 
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Discovered by: European Southern 
Observatory (2009) 


nearby stars, probably closer than 65 light years. 
And around those stars we hope to get out to the 
habitable zone for rocky planets between one and 
four Earth masses in size,” Fischer says. 

But it’s not simply the size of Earth-like worlds 
compared to their host stars that makes them 
difficult to find; it's also their relative brightness. 

A terrestrial planet can be up to 250 million times 
fainter than its host star - often compared to trying to 
spot a candle flame in front of a lighthouse beam, but 
far more extreme. This is why it’s easier to try and 
spot such worlds indirectly, as is the case with transit 
and radial velocity spectroscopy, by seeing how they 
affect their stars’ light. 

However, Fischer and her team won't be the 
only ones looking for exoplanetary Earth-analogs. 
Another team, led by Dr Daniel Batcheldor of the 
Florida Institute of Technology, is trying a more 
direct approach. A study led by Batcheldor has 
demonstrated that a Charge Injection Device (CID) 
can detect objects up to 70 million times fainter than 
a Star in the same field of view. Charge Injection 
Devices have been around for a while, so why haven't 
they been used for exoplanet searches before? 

“CIDs have historically been noisy, which means 
they're not that sensitive. However, advances in 
manufacturing have allowed amplifiers to be 
introduced on each pixel, which reduce the noise 
and get similar results to Charge-Coupled Devices,” 
explains Batcheldor. 

Charge-Coupled Devices (CCDs) are well 
established as astronomical detectors and are also 
found in professional DSLR cameras. Although they 
have similar-sounding names, CIDs work differently 
from CCDs and have an advantage for this kind 
of work. Unlike on a CCD, each CID pixel can be 
addressed individually, allowing the brightest ones to 
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KOI-3010.01 





Size: 1.58 times Earth 

Mass: Unknown _ 3 
Distance: 1,250 light years away. 
Parent star: G-type 
Discovered by: Kepler Space 
Telescope (unconfirmed) 





Size: 1.61 times Earth 

Mass: 4.17 times Earth 
Distance: 1,200 light years away 
Parent star: G-type 

Discovered by: Kepler Space’ 
Telescope (2013) 


“Detecting a rocky object at the right 
distance from its star is the necessary 
first step but then it has to be followed 
up by atmospheric detections” 


Professor Heike Rauer, German Aerospace Centre 


be ignored. That way the pixels of interest, trained on 
the faint object, can continue collecting light. 
Batcheldor's team tried out their CID on Sirius A, 
which with an apparent magnitude of -1.47, is the 
brightest star in the Northern Hemisphere. Sirius 
A has a white dwarf companion, Sirius B, which is 
much dimmer with a +8.44 apparent magnitude. 
Were they able to detect it? “We were making our 
initial observations from Florida (possibly the worst 
place in the world to try astronomy), so Sirius B was 
still lost in Sirius A’s glare,” says Batcheldor. However, 
they did detect another faint star. “Our detection 
(designated Star ‘6') was far enough away from Sirius 
A in the sky not to be a problem.” They detected 
Star 6 with a confidence level of 99.87 per cent. 
Batcheldor would like to continue by using the 
CID at the one-metre (3.3-foot) Jacobus Kapteyn 
Telescope at La Palma - which he helped bring 
out of hibernation with funding from the National 
Science Foundation. Projects such as CoRoT, Kepler 
and 100 Earths couldn't detect molecules such as 
oxygen, nitrogen, water vapour - or even chlorophyll 
- in a terrestrial planet's atmosphere. But could the 
CID approach be able to do so? “The detection of 
chemical elements like that is done using transit 
spectroscopy and the relative strength of those lines 
is not something that we'd need a CID for,” says 
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Batcheldor. Both he and Fischer say the most likely 
way such molecules will be detected is with transit 
spectroscopy, using telescopes such as the James 
Webb Space Telescope (JWST) due to launch late in 
2018. So it seems that to fully answer the question 

of whether a planet is habitable will require multiple 
ground and space-based approaches. Such projects 
will follow up CoRoT, Kepler and other targets, as well 
as discovering numerous new planets of their own. 

The JWST has a mirror surface area of 25 square 
metres (269 square feet); more than five times that of 
Hubble's 4.5 square metre (48.4 square foot) primary 
mirror. One of JWST's main aims is to study the 
atmospheres of exoplanets. Unlike Hubble, however, 
which can observe in infrared and ultraviolet 
wavelengths as well as the visible range, JWST is 
primarily an infrared telescope. 

But how would that benefit exoplanet 
observations? Molecules such as methane or water 
in exoplanetary atmospheres are expected to 
display the highest number of spectral features in 
this wavelength region. With transit spectroscopy, 
the JWST would be able to analyse an exoplanet's 
atmospheric chemistry as it passes in front of its star. 
Of course, the transit method would also detect the 
exoplanet’s existence in and of itself. Combining this 
spectroscopic data with radial velocities from ground- 
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Kepler-452b ; 





Size: 1.63 times Earth 

Mass: 5 times Earth 

Distance: 1,400 light years away 
Parent star: G-type 

Discovered by: Kepler Space 
Telescope (2015) 


Professor Heike Rauer of the German Aerospace Centre 
is the principal investigator of the instruments onboard 
the ESA'S planet hunting mission, PLATO 


NASA's Transiting 
Exoplanet Survey Satellite 
(TESS) should scan the 
entire sky for possible 
era cep EVM aoeB Lt 
launches next year 
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based instruments would reveal a detailed picture of 
each planet. The ultimate aim, of course, would be 
to find a habitable (or potentially life-bearing) world. 
And JWST has one more tool to help astronomers in 
that regard. 

Two of its instruments, the Near Infrared 
Camera and the Mid-Infrared Instrument feature 
coronagraphs that could block stars’ light and 
enable direct imaging of their planets, like with 
Batcheldor's CID method (and he himself would 
like to see a future space-based mission with such a 
detector). Although the worlds would only look like 
small specks, scientists would still be able to use 
spectroscopy to tell the planets’ overall colour, the 
presence of weather systems, seasonal differences 
and even the existence of any vegetation. 

And JWST won't be the only space telescope 
hunting for Earth-like worlds. The PLATO mission 
(PLAnetary Transits and Oscillations of stars) is part 
of ESA‘s Cosmic Vision Programme and is expected 
to launch in 2024. The mission will monitor a million 
nearby stars for signs of exoplanets, and like Kepler 
and JWST, will use the transit method of detection. 
In order to observe so many stars in detail, PLATO 
will use 34 separate, small telescopes and cameras. 
This approach makes it different from CoRoT 
and Kepler, which are both telescopes with single 
instruments. Again, as with JWST, PLATO's data will 
be combined with radial velocity measurements 
from ground-based observatories to build up a full 
picture of discovered worlds. “The mission's baseline 
observing scenario will cover six years of science 
operations. During this period we will observe two 
‘long pointings’ that will last two to three years and 
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Signatures of an Earth-like world 


[ on 
Carbon dioxide 


Life forms on an Earth-like planet 
are likely to release this gas . 
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Oxygen 
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oxygen to survive 
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‘Water . 


Liquid water indicates an — 


Nitrous oxide 
Likely to be.given off by bacteria” | 
that thrives on an Earth-like world 
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ideal temperature for life 
(as we know it) to survive 


Ozone 


Ozone, which will protect delicate 
NEM Ue nam ately er (em Lele) ab 
will give off a notable signature 


Methane 
This odourless gas could 
point to the existence of life 


“There are currently 93 terrestrial, Earth- 


like planets among the 1,995 exoplanets 
that have already been discovered" 


a number of ‘short pointings’ lasting two to five 
months," says Professor Heike Rauer of the German 
Aerospace Centre and principle investigator of 
PLATO's instrument consortium. Altogether, PLATO 
will cover 50 per cent of the sky, with a near equal 
divide between Northern and Southern Hemispheres. 

What advantages would PLATO's multi-optic 
design have over missions such as Kepler and 
CoRoT? Rauer says, “Those missions have done a 
great job in putting forward exoplanet science. In 
addition to their great discoveries they've also raised 
new questions about exoplanets. We now know that 
planets can be very different from those in our Solar 
System and many different types of planets and 
planetary systems exist." 

She adds that the ability to follow up such 
spacecraft detections with ground-based telescopes 
and also with the JWST rests on the host stars’ 
brightnesses: “PLATO’s multi-telescope design 
provides us with a large ‘dynamic range’: the ability 
to observe very bright stars at the same time as 
fainter ones.” That means one PLATO camera would 
be sufficient for a bright star, but for fainter ones the 
light from all the cameras could be combined for 
more accurate results. Rauer says that this would 
make PLATO's exoplanet targets much better suited 
to follow-up observations than those of Kepler or 


CoRoT. And those follow-up observations, combined 
with PLATO's results, would reveal planetary radii 
and masses. “This will allow us to separate rocky, 
terrestrial planets from mini-gas planets [i.e. the size 
of Neptune]. This is an important stage to identify the 
best targets for the next step,” says Rauer. 

Once a terrestrial planet is found in a star's 
habitable zone, it would be a prime target for 
investigation, including atmospheric spectroscopy. 
Rauer continues, “Take the example of our Solar 
System. Earth is a rocky planet in our Sun's habitable 
zone and it has developed life. Our Moon is a rocky 
object in the habitable zone but it has no life (as it has 
no atmosphere). Detecting a rocky object at the right 
distance from its star is the necessary first step but it 
has to be followed up by atmospheric detections." 

If you can't wait eight years for PLATO to become 
operational then NASA's Transiting Exoplanet Survey 
Satellite (TESS) should launch in August 2017. Using 
the same transit detection technique, TESS will 
survey 200,000 of the bright stars across the entire 
night sky over two years. It's expected that TESS 
will find around 500 terrestrial planets. Identifying a 
life-bearing world like Earth in our galaxy would be 
the most monumental discovery in human history. 
If these planets are out there, they can't hide from us 
for much longer. @ 
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SpaceX Falcon Heavy 


Written by Dominic Reseigh-Lincoln 


The next decade will see space engineering enter 
Gait xm the age of the giant - NASA is currently testing 


the Space Launch System (SLS), the world’s largest 


Launch: Late 2016 launch platform that will aim to take humans to Mars 
Launch rocket: and out into deep space. At the same time, member 
Modified Falcon 9 ie from oe i ee are is aaas 
; : working on the European Extremely Large Telescope 
et ass ny s (E-ELT), a colossal terrestrial telescope that will aim 
OFDIt dnd DeEyon t= to study the very furthest reaches of the universe. 
Operator: SpaceX a And while these two titans of engineering are in 
Orbital insertion: “ development, SpaceX is drawing close to finishing 
° = —_ what is aiming to be the most powerful rocket ever 
6 August 2014 E he Fal 
Oo constructed - the Falcon Heavy. 
Cost per launch: $90mn Ss And ‘heavy’ really is the operative word. SpaceX 
(£65mn) is pouring a considerable amount of investment into 
C ts: Th this heavyweight variation of its Falcon 9 design. 
eae ree The Falcon Heavy is planned to be the jewel in the 
cores and two boosters 
Mission ends: TBC 
Finishes construction: 





crown of the SpaceX rocket fleet when it launches 
later this year, a launch system with the capacity to 
lift 53 tons. Not since the monolithic Saturn V rocket, 
last launched in 1973, have we had the opportunity to 
witness a rocket as powerful and heavy lifting as the 
Falcon Heavy. 

First announced at the National Press Club in 
Washington on 5 April 2011, SpaceX founder Elon 
Musk was certainly aiming big when he unveiled the 
private space engineering firm's new project: “Falcon 
Heavy will carry more payload to orbit or escape 
velocity than any vehicle in history, apart from the 
Saturn V Moon rocket, which was decommissioned 
after the Apollo programme,” he passionately 
revealed. “This opens a new world of capability for 
both government and commercial space missions." 
But lofty ambitions rarely lead to painless victories 


“Falcon Heavy will carry more payload 
to orbit or escape velocity than any 


a |<——> : , : : 
|*zam’ vehicle in history” sion musk, spacex 


Average humanheight— (39.9ft) 


When ready, the Falcon 
Heavy will be the 

most powerful rocket 
ever created with an 
unparalleled lift capacity 











SpaceX’s long-standing Falcon 9 rocket has formed 
the bedrock of the Falcon Heavy and is in constant 
testing to improve its stability and performance 





—— 


Construction of SpaceX’s 
Falcon Heavy reusable 
rocket is currently 
underway, as pictured 

_ herein this image 
entitled 


www.spaceanswers.com 







and the Falcon Heavy's road to launch has been just 
as problematic as any other multimillion dollar space 
programme. Originally stated for launch at the end 
of 2012 at its chosen launch site, the Vandenberg Air 
Force Base in California, the date soon slipped to late 
2013, then into 2014. By the middle of 2015, with no 
finished rocket yet to materialise, it seemed the fate 
of the Falcon Heavy might be in serious trouble. 

However, the private firm was far from willing 
to abandon its super heavy-lifting rocket design 
and pushed the launch of the Falcon Heavy to the 
beginning of 2016, switching from its West Coast 
launch site all the way across the country to its other 
launch location at Cape Canaveral. That renewed 
sense of focus saw the company send the United 
States Air Force a plan to launch five flights of the 
giant Falcon, with the aim to carry national-grade 
payloads (those normally flown by NASA, such as full 
capsules and probes) by 2017. 

As always, SpaceX isn't a company to aim its sights 
any higher than ‘the biggest and the best’, which goes 
some way to explaining why it’s taken so long to get 
the Falcon Heavy off the ground. Its configuration is 
the first aspect that really strikes you about the big 
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Anatomy of the Falcon Heavy 


These are the intricate composite parts that will work together 
to take SpaceX’s hefty rocket up into low-Earth orbit and beyond 


Fairing @ 


The fairing, housed in the 
nose cone, is the structure 

at the very tip of the Falcon 
Heavy that will encase its 
chosen, super-heavy payload. 


Grid fins @ 


Located at the very top of the 
first stage, the hypersonic grid 
fins have been designed to 
control the direction of these 
boosters as they return to Earth. 


First stage @ 
The longest section of 
the Falcon Heavy, the 
central first stage has 
nine powerful Merlin 1D 
engines and the largest 
supply of fuel. 


Heavy structure @ 
The three sections 
of the first stage and 
the second stage are 
made of a strong yet 
light combination of 
aluminium and lithium. 


Landing legs @ 
Like many of SpaceX’s 
rockets, the first stage 
of the Falcon Heavy is 
designed to be reusable 
with a set of landing legs 
installed on each one. 





@ Second stage 


This section of the Falcon 
Heavy is powered by a 
single Merlin 1D vacuum 
engine and uses LOX-RP-1 
fuel to power it. 


@ Merlin 1D vacuum engine 


Designed to power the Falcon 
Heavy through space once the 
first stage has been jettisoned, 
the Merlin 1D engine is designed 
to burn for around six minutes. 


@ Side boosters 
Designed to power the 
Falcon Heavy out of our 
atmosphere, the side 
boosters of the rocket 
will eventually throttle 
down and break away. 


@ Cross-feed system 
This fuel-sharing 
system is designed to 
simultaneously siphon fuel 
from the side boosters 
to the central core, while 
firing in their own right. 


@ Octaweb 
Each core of the first 
stage has nine Merlin 1D 
engines - each set are 
arranged in an octaweb 
pattern where eight 
engines surround a ninth. 


49 


User Manual Falcon Heavy 


SpaceX project - using a standard Falcon 9 rocket 
as its centre, with a Falcon 9 first stage strapped to 
either side. These liquid boosters will make all the 
difference, potentially giving the Falcon Heavy one 
of the most powerful thrusts in history. According 
to SpaceX, the setup will produce over 20,000 
kilonewtons (4.5 million pounds) of thrust - that’s the 
equivalent of around 18 Boeing 747s firing all at once. 
Comprised of two main sections, the first and 
second stages, the Falcon Heavy uses SpaceX’s own 
Merlin 1D engines, with the first stage itself divided 
into three Falcon 9 cores. Each of those cores has 
nine separate engines, so that's a staggering 27 
engines burning away to help lift the Falcon Heavy 
off the ground and out of our atmosphere. And since 
the system will be lifting huge payloads, it'll need 
a unique setup to get all of that fuel flowing. That's 
where SpaceX’s own propellant cross-feed system 
comes in, which feeds the LOX-RP-1 fuel directly 





@ Boosters prepare for 
controlled descent 
The boosters will fire one last 
time to direct themselves 
away from the main core, 
readying themselves for 
landing back on the ground. 





How Falcon Heavy will 
lift its ‘super hefty’ cargo 
The rocket will offer three times the thrust 


of a single Falcon 9 rocket when it begins 
operations later this year 


First Separation event @ 
After 167 seconds of burn 
time, the side boosters on 


the Falcon Heavy will reach —_— 
depletion and be separated 
from the main core. a 





ot 











@ Second separation Powering on @ 
The central core will power the payload 
on for a few seconds more The second stage will now 
before its boosters are kick in, its single engine 
depleted. The interstage powering for 375 seconds 
will then separate, kicking until the booster depletes 
the second stage into life. and the payload is released. 
lI 
rl 
@ Firing up for take off |e ®@ Touching down 
With all of its 27 engines The rocket uses a timely 
UL firing at once, the Falcon landing burn and extends its 
Vy Heavy will generate a | landing feet, keeping straight 
| | | staggering 20,000kN ] and slowing down to land safely 
ThA (4.5mn Ib) of thrust and aS on the drone ship platform on 
begin to take off. the ocean surface. 
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into the central core from the other two 
boosters to give the whole rocket that 
extra kick. 

That's not to say the Falcon 
Heavy has been free of 
complications on the final leg 
of its road to launch, with some 
revisions of the Falcon 9 design 
forcing SpaceX to delay the latest 
launch date to the middle of 2016. 
These changes included some tweaks 
to that aforementioned fuel feed 
system, the use of the powerful Falcon 
Full Thrust design for the cores of the 
side boosters, larger propellant tanks 
all round, as well as improved Merlin 
1D engines. 

While these changes have certainly 


come a little too close to its planned launch 





Merlin 1D: 


The engine powering 
the Falcon Heavy 


Like any rocket worth its salt, the Falcon Heavy is 
going to need some serious thrust to get its super 
heavy lifting aspirations into the air. This comes 

in the form of the Merlin, a bespoke engine design 
that’s been in rotation for SpaceX since 2006. It’s 
gone through many iterations, but the version that's 
already been significantly tested for the Falcon 
Heavy, the Merlin 1D, will be the most powerful 
version yet. A special Merlin 1D Vacuum version has 
been designed specifically for the system's Second 
Stage, which will give 934 kilonewtons (209,972 
pounds) of thrust in the vacuum of space. 


Head to head 


The Falcon Heavy is one impressive set of 
Statistics; only NASA's yet-to-be-launched 
Space Launch System (SLS) is big enough and 
powerful enough to challenge it. In terms 

of height, at 70 metres (230 feet) tall, the 
Falcon Heavy is dwarfed by even the smallest 
configuration of the SLS (known as Block 1) 
at 98 metres (322 feet). The Falcon Heavy’s 
payload capability is 53 tons, while the SLS 
can carry a minimum of 70 tons in Block 1 
configuration and 130 tons in Block 2. 


Falcon Heavy SLS SLS 
53 tons 7O tons 130 tons 
capability with with Block1 with Block 2 


payload configuration configuration 
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window, they are positive proof that 
SpaceX is willing to make any 

changes or tweaks necessary to 
get the Falcon Heavy ready for 


the task of lifting unheard of 
payloads. The firm wants the 
system to be the workhorse 
of launchers - an engineering 

strongman that will take 


humanity into low-Earth orbit and 
far beyond. @ 


Protective shell 

@ Falcon Heavy's nose cone - or 
payload fairing - shields the 
rocket as it soars into low-Earth 
orbit and beyond. It splits 
down the middle after the first 
Stage separation. 


Vital statistics 


7Om 


The height of the 
Falcon Heavy 


53,000kg 


The payload 
to LEO weight 


$90 million 


The planned cost 
of each launch 


20,000kN 


Total thrust of the 
Falcon Heavy 











that's 26m 
shy of 
London's 
Big Ben! 
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approximately equal 
to the weight of 12 
African elephants 
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a fifth of what it cost per 
launch for the Space Shuttle 
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equivalent to 18 Boeing 747s 
blasting away at once 
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Reuse a rocket 


1 Launch and separation 

After launch, the Falcon will continue upwards 
until it breaches low-Earth orbit. Eventually, the 
trajectory of the rocket will begin to curve, which 
will lead to the MACO phase (main engine cut-off) 
as the rest of the rocket continues on its way. 











2 On the flipside 

The second stage begins the next part of its 
journey. Rather than spiralling back through our 
atmosphere, it uses its nitrogen boosters to flip 
its orientation. It then performs a boost-back 
burn to realign itself back to launch position. 





Attempting re-entry 

A tricky part of the reusable operation begins 
as the remaining component attempts re-entry. 
The rocket uses a hypersonic triple stage burn to 
Slow its descent to Earth. Still moving at Mach 3, it 
deploys its grid fins to help slow its speed. 





4. Touching down 

The rocket attempts to touch down back 

on Earth. It needs to keep itself straight and 
move slow enough to touch down (using a timely 
landing burn). It extends its landing feet and 
hopefully touches down on a drone ship platform. 
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An astronaut would be able 
to navigate the asteroid belt 
with no trouble at all thanks 
to the enormous space 
between lumps of space rock 






National Space Academy 
Education Officer 

Wi Sophie studied 
astrophysics at 
university. She has 

a special interest in 
astrobiology and 
planetary science. 
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Presenter 

@ Havingearneda 
master’s in physics 

and astrophysics, Josh 
continues to pursue his 
interest in space at the 
National Space Centre. 
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there is a lot of space rock - with Over 750,000 fuelled the myth. 
boulders between Mars and Jupiter - it is a myth It was during the 1970s that NASA's Pioneer 
that a spacecraft wouldn't be able to navigate its 10 became the first spacecraft to fly through the 
way through this belt without being harmed. asteroid belt and, with only a layer of aluminium 

If you're a fan of Star Wars, you may recall honeycomb to protect it, the spacecraft made it 
C-3PO warning Han Solo, the captain of the though with no trouble - not thanks to careful 
Millennium Falcon, that “the possibility of evasion but because the distances between the 
successfully navigating an asteroid field is lumps of space rock are so massive. GL 
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The Great Wall of China can barely 
be seen from space, as verified by 
Commander Chris Hadfield (inset) 


























Stars that make up the 
constellations are at varying 
distances from Earth 


Are the stars in the 
constellations at 
the same distance 
from Earth? 


Henry Coates 

Despite appearing to be close 
together, the stars that make up 
the recognisable constellations are 
often separated by thousands of 
light years. For example, the stars 
of the constellation of Orion might 
make up the image of a warrior in 
our night sky, but from elsewhere 


i Te a. io. — ie Sa | & ~~ if = ) f - Ms tel in the galaxy the stars would look 
we SPACE eS > we : ‘2 em | ele *e {e Vb mee’ | 3 distant and unconnected. These 


stars also vary in age, size, type and 


Can you see we ee Wall of China from ene ee 


to our perspective here on Earth. 


Nick Greene being on average six metres (20 feet) but is otherwise invisible to the naked | Constellations help us to break 
While it’s the longest man-made across at its base. Not only that, but the — eye. In March 2013, Commander Chris up the stars into meaningful 









1u a beUR UN Com On IG S(om(0)e (CMM) oy-labenaeroae tal wall is made from materials that blend Hadfield verified this when he tweeted patterns. By making associations 
amazing 21,196 kilometres (13,171 Vc) MaiVald om dotcMSenGcelene(enbelemicer-lien to his social media followers: “I did not between patterns in the stars and 
miles), it’s not entirely true that we can From low-Earth orbit, which starts see the Great Wall of China from space familiar animals or objects, the 
see the Great Wall of China from space. _at around 160 kilometres (99 miles) and neither did the Chinese astronauts. names and positions of individual 






The Great Wall is, of course, very altitude, the Great Wall of China can be  Witha big enough camera lens and stars become much easier for 
long but it’s nowhere near as wide, picked up fairly easily on radar images clear air, maybe.” SA astronomers to remember. SA 
@ Gas tail 


@. SOLAR SYSTEM 
Ultraviolet light from the 


Does a comet's tail tell Sun strips gas in the tail of 
us which direction it % Sa RUE taal 
is travelling in? particles that stream 


outward along our star's 
Steven Haughty 


magnetic field lines. 
From our perspective, we would expect Approaching @ Tail of dust @ 
the tail of a comet - caused by the Sun aie Comets have tails that 
heating up dirty ice - to point in the are made of particles 
opposite direction to its path of travel. earentothersannnt as fine as smoke. The 
But as there's no air in space, this isn't ee et tail is pushed by the 
the case. Comets are shaped and blown TOT Peck elt te rol 
by radiation pressure and solar winds, evaporate to make Se eae 
so they always point away from the Sun 1a (oh t=] Heme) SMa T-(e (> Pe lS CHOKE 
when high-energy ultraviolet light crashes of dust and the oak gg oY 
into the evaporating gas of the comet. other made of gas. 

Electrons are stripped away to make 

charged ions and get caught up in 
magnetic field lines, shooting away from 
the Sun in a blue ion tail. Dust is released 
to form a second tail that is as fine as the Sun, both of its tails point 
smoke. Meanwhile, photons create an og toward the direction of travel 
intense pressure bubble that guides the , and curve away from the source 
dust into a streak which curves around of pressure and wind. 
the comet's path. GL 




















As the comet gets 




















® Facing forward 
After the comet has passed 
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Our galaxy has been 
classified as a spiral galaxy 
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As Earth wobbles on its axis over time 
the North Star will change 


Have we 
always known 
Polaris to be 
the North Star? 


Dave Watts 

According to records, astronomer 
Claudius Ptolemy first catalogued 
Polaris in 169 AD. However, we didn't 
begin using it as a navigation tool 
until at least the 5th century when the 
Macedonian writer, Stobaeus described 
it as ‘always visible’. 

The interesting thing is that Polaris 
has not always been the Pole Star and 
it will not be in the distant future. 

The ‘wobble’ of the Earth's axis, also 
known as precession, means that 
over time the star that the North Pole 
points to will change. So, by the year 
4000, we will have a new Pole Star 
called Gamma Cephei. JB 








Uni Koemel Br Declel(d SIU CecmON CMV NTI eTA Eh 
possesses that imply it’s a spiral. 


Looking towards the galactic centre, 


we're able to see a long, thin strip that 
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How do we 
know how old 
the Earth is? 


Matthew Hart 

We have been able to work out how 
old the Earth is from the oldest piece 
of planet that we have been able to 
find. By using radiometric dating, we 
have been able to work out that our 
home planet, the Earth, is about 4.54 
billion years old. 

Finding extremely old rocks is, 
in theory, quite a straightforward 
process. However, in practice it is 
much more difficult thanks to the 
movement of the Earth's tectonic 
plates, which are constantly recycling 
the planet's rock before breaking it 
down into volcanic magma in the 
interior and then pumping it back 
out onto the surface, making them 
difficult to find. 

The oldest rock that we have ever 
found on Earth is a tiny piece of 
zircon, a gemstone found in Western 
Australia. Based on this zircon rock, 
we now know the Earth is at least 
4.374 billion years old, give or take a 
few million years. JB 


suggests we're looking at a disc that 
is seen from edge-on. This view rules 
out an ellipsoidal or any other shape 


We are able to detect a bulge at the 
centre - and, from our studies of other 
spiral galaxies in the universe, this 
breed of galaxy usually has a central 





. * on fe i Patent Wri ne Milky Way is a spiral? 


ay ane Cy 

We shouldn't assume that our galaxy 
isn't too dissimilar to those we see just 
outside of it. Other than that, there are 


bulge. If we combine this with the way 
that the stars and gas in our galaxy 

are moving - which is a very spiral-like 
motion - along with the amount of gas 
and dust in the galaxy and its various 
colours, and we have got some pretty 
solid evidence that the Milky Way is a 
Spiral shape. SA 


The Earth is estimated 
to be roughly 4.54 
billion years old 


Questions to... @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 
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How were 

the Pillarsoh -_ 
Orewa he lel=tee 


Timothy Morgan 7 
Found in the Eagle Nebula, the Pillars of 
Slee ye V Cees e Mey MaLem Talc (ele (OURO T 
dust and gas with nearby stars. 

Located some 7,000 light years away, 
the Pillars of Creation are one of the 
many places in the universe where stars 
are born, some more than 16 times more * 
massive than the Sun. These stellar 
Joye) acy en CO MRMAPLV cM UIN re @cM CNN relnelKas 
of about 30,000 degrees Celsius (64,000 
degrees Fahrenheit). They strongly emit 
ultraviolet light and have a harsh stellar. 
wind that is able to shape the dust and 
gas around them. . ! 

The amount of energy these stars are aed 
capable of emitting is enough to heat 
up the clouds of gas and dust to make 
bubbles. These bubbles are then able to 
sweep in colder material around it to 
carve dusty ‘space sculptures’. GL - 





The Pillars of Creation, 
found in the Eagle Nebula | 
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What causes 
the heating on 
EE le se eli 
Koma tli athe CoN tase) 


heated air 
James Partridge -molecule: 
It's all to do with air pressure. As a 
spacecraft plummets through our 
planet's atmosphere, molecules of gas 
are unable to move out of the way — 
fast enough, and so they stack up to 
form a cushion beneat. 
more closely air mole 
together, the higher 
Eventually, the pressu: 
intense that the molecule 
apart, creating a layer of che 
and producing a searing cor on 
When returning spacecraft re-ent 
the atmosphere, they are travelling a 
an incredible speed, with the 
temperature rising rapidly from arounc 
-155 degrees Celsius (-250 degrees 
Fahrenheit) to nearly 1,650 degrees 
Celsius (3,000 degrees Fahrenheit). 
Frictional heating contributes to the 
in temperature on re-entry, too, but is 
not a main contributor. GL 
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How high are Earth's ground-based telescopes? 


Large observatories are generally built at high altitudes to reduce the 
effects of the atmosphere that can spoil our view of the universe 


Chloe Endacott 

Look through a telescope and you'll likely see the view 
wobble, similar to a heat haze over a hot road. This is 
caused by the 100 kilometres (62 miles) of air above 
us, and it significantly affects how well we can see into 
space. While Victorian telescopes are often found near 
cities, the increase in light pollution and the growing 
technological capabilities has led observatories to be 
built in more remote locations and at high altitudes 

to reduce atmospheric interference. For example, the 
British state astronomy programme began with the 
Royal Observatory in Greenwich in 1676 and is now 
carried out by mountaintop telescopes in Hawaii and 
the Canary Islands. 


Isaac Newton Telescope 

The Isaac Newton is a 2.54m (8.3ft) 
reflecting telescope that was built in 
1967 for the Royal Observatory. Initially 
sited at Herstmonceux Castle in East 
Sussex, it was moved to the 2,396m 
(7,861ft) high La Palma Observatory in 
1979, where it continues to operate. 


The Leviathan 

of Parsonstown 

While not located at high altitude, 
this was one of the first really large 
telescopes. It is a Newtonian reflector 
with a mirror 1.8m (5.9ft) across, and 
was the largest telescope in the world 
between 1845 and 1917. 
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National observing programmes have clustered 
around a few key mountaintops where telescopes can 
share resources. The Roque de los Muchachos on La 
Palma in the Canaries hosts telescopes and researchers 
from all over the world. As well as conventional optical 
night-time astronomy, there are gamma ray telescopes 
and a solar telescope; every type of observing benefits 
from the reduction in atmospheric interference. 

The US and Pacific focus for large telescopes is on 
Mauna Kea in Hawaii, higher up than La Palma at 
4,205 metres (13,796 feet). Gerald Kuiper, who the 
Kuiper Belt is named after, first identified Mauna Kea 
as a good observing location in 1967. He was struck 
by the image clarity produced by the Apollo missions’ 


telescopes and wanted to find a location on Earth that 
could obtain similar views; he also considered Chile, 
and the Chilean Andes are now home to many of the 
world's most powerful telescopes. Here, the European 
Southern Observatory’s Very Large Telescope is based 
in Cerro Paranal, bringing four 8.2-metre (26.9-foot) 
telescopes together as one massive instrument. 

The Atacama Large Millimetre/Submillimetre 
Array and the Atacama Cosmology Telescope are 
currently among the highest telescopes in the world. 
The Atacama Desert, Chile, is the driest non-Antarctic 
desert and sits at 5,000 metres (16,400 foot) above 
sea level, providing observing conditions that are free 
of light pollution and atmospheric interference. RH 


Optical 
Infrared/Near Infrared 


Radio/Microwave 


Millimetre and 
submillimetre wavelengths 
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and maths but 

ultimately what drove 
me was a desire to 
ask deeper questions. 
I was looking for 
meaning and the 
nature of time” 
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Born in Baghdad, Iraq, and _ 
~ settling in the UK in 1979, — 
Professor Jim Al-Khalili 
is one of Britain's most 
respected theoretical 
eS physicists. As well as 
holding a professorship at 
Nat the University of Surrey, he 
: regularly presents television 
documentaries for the 
BBC and Channel 4. These 
include Atom in 200/, 
Science And Islam in 2009, 
ileal nae)e|4PAe) e 
and, more recently, The 
Beginning And End Of The 
iverse. He also presents 

the popular Radio 4 shov 

The Life Scienti 

















www.spaceanswers.ct 


Professor Jim Al-Khalili 


Prot Jim Al-lnalili 


Theoretical physicist, author and broadcaster, Jim Al-Khalili OBE has felt a deep 
connection with space ever since he slept beneath the stars as a child 


Interviewed by David Crookes 


Could you tell us what it was that inspired your love 
of science and space? 

I think part of it was that I grew up in Iraq. The summers 
there are so hot that you sleep up on the roof, so I always 
remember that, come April time or when the weather got 
Warm, it would be a case of, “Right, the bedding goes up 
on the roof" - that was very exciting as a kid. I'd be lying 
there under the mosquito nets looking up at the night 
sky, watching the shooting stars and wondering what the 
universe was like. 

I didn't have access to anything that could explain it to 
me so I guess it was a hunger to find out. I'd think about 
how I would get to discover whether the universe goes 
on forever, how far away the stars were, and what the 
Milky Way was like. I knew that doing well in science at 
school would be a way to unlock those questions. 


So it was quite a philosophical beginning? 

I think so, yes. I was looking for meaning and the nature 
of time. I remember at the age of 13 doing very well in 

a physics class test and thinking, “I'm quite good at this. 
It's sort of common sense with some puzzle solving.” 
Science is fun and it's not a difficult subject like history 
where you have to learn dates and names of kings and so 


“In terms of observation, the most 
exciting thing that I'm aware ofis 
the study of exoplanets” 
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on. I was good at physics and maths but ultimately what 
drove me was a desire to ask deeper questions. 


In your BBC programme, The Beginning And End 
Of The Universe, you said the question of how the 
universe began is more a question of where we 
come from. Do you think this drives a lot of the 
interest in space? 

There is something that made humans believe we were 
at the centre of the universe and that we're special: this 
old religious notion that the universe revolves around 
us. We do question our place in the universe but the 
more we learn that, actually, the Earth is just going 
around some star and that we're in an outer arm of an 
average galaxy, the more we understand we've not so 
special. But we still ask what it is about the universe 
that allows us to exist in it - it’s about our origins as well 
as wanting to know. It's not just curiosity for curiosity’s 
Sake; it taps into some sort of deep question about 
where we come from. 


Are we any closer to answering this? 
We don't know how far the road ahead is and I suspect 
that we will never get all the answers, but with every 





puzzle we solve we get closer. We're looking at the 
expansion of the universe and at what things are made 
of. We're studying the nature of the building blocks of 
everything. I don't think were still flapping around not 
understanding anything, and our body of knowledge is 
growing. We just don't know how many more surprises 
are in store for us, but that's a good thing. 


It has been said that a true fundamental theory 

of the universe could exist but that it would be 

too difficult or complex for us to grasp. Do you 
subscribe to that view? 

Sometimes. It depends on the day of the week. 
Sometimes, I think, “Yes, there must be an ultimate 
reality and there must be an ultimate explanation.” 
But then other times I wonder whether there is an 
all-encompassing theory of everything that you could 
stick on your t-shirt, because so far we've been able 

to unify ideas. You know, we didn't know electricity 
and magnetism were connected to each other but we 
found out that they are. We thought Newton's theory 
of gravity was right but then Einstein came along and 
said, “No, it's all about geometry and the shape of space 
and time’, and so on. 

Then we developed quantum mechanics, which 
describes all the subatomic particles, and that unifies 
lots of ideas that came before. So we Keep thinking 
were finding deeper, simpler more unified theories, 
and we think ultimately there must be some theory of 
everything. But maybe there isn't. Quantum physics 
describes the world as very small and Einstein's general 
theory of relativity describes the entire universe - 
we've never going to find something that will explain 
everything in one simple idea. 


Of all the scientific advancements, which do you 
believe has been the most crucial in putting us on 
a path to understanding the very beginnings of the 
universe we live in? 

It's got to be the twin big theories in early 20th 

century physics: quantum mechanics in the 1920s and 
Einstein's general theory of relativity about a decade 
earlier. Each one of those fundamentally changed our 
notion of what reality is. It's far more than Copernicus 
and Galileo and Newton, even, and we have yet to 
come up with a theory that replaces either of those. 
They both seem to be ticking the boxes - the discovery 
of gravitational waves, yes, good, general relativity 
predicted that. 

All the stuff on subatomic particles and the 
experiments that are carried out at the Large Hadron 
Collider only served to confirm quantum mechanics. 
So they are, by far, the most important advances in our 
understanding of the universe. But the problem we 
have at the moment is that the two don't fit together. 
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Has the wider universe and space always been 

of great interest to you given that a lot of your 

work has tended to be about the properties of the 
quantum realm? 

When I started doing outreach projects, giving public 
lectures in schools and writing my first book in the 
1990s, it was far more about the universe and cosmology 
and the Big Bang and the nature of black holes, despite 
that not being my specialism. My specialism is nuclear 
physics and quantum mechanics but I knew astronomy 
and cosmology excited young minds in particular. But 
in doing that, I realised that its something I'm fascinated 
by, too, and even though a lot of my research is now in 
nuclear physics, I'm seeking to understand the nuclear 
reactions that go on inside stars to learn how elements 
are being synthesised in stars and galaxies. So, gradually, 
the world of the very large and the world of the very 
small, in my thinking, are coming closer together. 


It's been said that you believe quantum biology 
could change the world. How will it do that? 
Speculatively it could, but at the moment it is still a new 
field of research and we are at the stage now of just being 
surprised, and sometimes even shocked, by the notion 
that quantum ideas play a role inside living cells and 
living organisms. It was unexpected. Whether it goes on 
to change the world or help us to develop technologies 
that are going to revolutionise the way we live, it really 

is too early to tell. It makes for very nice headlines 





Humankind has made many breakthroughs in recent 
years, which includes landing on Comet 67P (pictured) 
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to say quantum mechanics will explain mutations 

and help us understand cancer, so “quantum physics 

will cure cancer”. But those are the sorts of headlines 

that no respected scientist would say. It may be that 
understanding how quantum biology, for instance, helps 
plants photosynthesise sunlight more efficiently would 
help us design more efficient solar cells ourselves. So how 
do we use the Sun's energy and turn it into electricity? 
Well, let's see how nature has done it and it looks like 
nature uses the tricks of the quantum world to do this. 


Could it have an effect on the wider universe? 

Well, a colleague of mine, Johnjoe McFadden, and myself 
are thinking about how life got started on Earth. It's 

so improbable that the first molecule that was able to 
make a copy of itself - a self-replicator - came together 
by accident, from the random bouncing around of 
atoms and molecules sticking together in different 
arrangements. Even the simplest possible precursor to 
life was still complicated enough that it was unlikely to 
have formed by accident. So one idea is that quantum 
mechanics lends a helping hand and helps it explore 

all possible explanations at the same time. It's a more 
efficient way of finding the right arrangement of atoms 
to make this thing replicate itself. And, if quantum 
mechanics kick-started life here on Earth, then maybe 

it did it somewhere else, too. So one way that quantum 
biology might give us some answers involving the wider 
universe is to predict the likelihood of life elsewhere. 
Speculative, but what fun if it turns out to be true. 


There have been many breakthroughs in recent 
years and some amazing feats - landing on a comet, 
exploring Pluto, the discovery of gravitational 
waves. Is it sparking a renewed interest in space? 
Absolutely, I think back ten years and The Sky At Night 
on TV was still plodding along. But you look at the 
discovery of gravitational waves; the missions to the outer 
planets and the images being sent back; the missions to 
Mars and the Curiosity rover; the discovery of extrasolar 
planets; and the work being done on black holes - the 
last ten years have seen so many advances. There are the 
big discoveries in the world of the very small - the Higgs 
Boson and the Large Hadron Collider are capturing the 


Se Beato Nctke ase ey, 
billion years ago in an event called 
the Big Bang, depicted here 





imagination in a similar sort of way. The media picks this 
up and you get things like Brian Cox and Dara O'Briain 
presenting Stargazing Live which has been incredibly 
popular. That programme itself has led to a huge increase 
in the sale of telescopes. So, certainly in the UK, we are 
seeing a big surge in applications to study physics and 
astronomy in universities and some of the big discoveries 
are certainly helping that. 


Have you personally been finding that there is a 
greater demand to create more space programmes? 
The BBC has been keen to commission. If you go 

back to 2010 for the BBC's year-long World Of Wonder 
celebration, which also coincided with the Royal Society's 
350th anniversary, Michael Mosley presented the 
flagship science series that they produced. But the one 
programme that everyone remembers was Brian Cox's 
Wonders Of The Solar System, which tapped into this 
excitement with astronomy, and yet it wasn't meant to 
be the big thing. At the same time, I was finding that my 
programmes on BBC Four were also being well received 
and these big viewing figures meant the BBC carried on 
commissioning space programmes. I make one or two a 
year now for BBC Four and I probably could have more 
TV work but I have my day job. I think the news stories 
and discoveries give more stories to tell and the public 
seem to have an appetite for it. 


We're perhaps seeing a current golden age of space, 
but one of the areas you've looked at in the past is 
a golden age that took place many centuries ago; to 
what degree did Arabic science shape our view of 
space and why is it so badly known in the West? 

I think that it's inevitable. Once Galileo pointed a 
telescope towards the sky for the first time, you got 

the scientific revolution in Europe and pretty much 
everything that went before it sort of paled into 
insignificance. But, of course, science doesn't just come 
out of nothing. It's always built on what's come before. 
And Arabic science did bridge that gap between the 
Ancient Greeks and modern astronomy. They didn't 
have telescopes, of course, and they still by and large 
subscribed to the Greeks’ version of the cosmos - the 
geocentric model with the Earth at the centre - but 
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that didn't stop them from making measurements 

and observations that were far more accurate and 
precise than anything the Ancient Greeks did. They 
also developed a lot of the mathematics that people 
like Copernicus went on to use. So it's a big gap in the 
history of science if we don't take into account what the 
astronomers under the umbrella of the Islamic empire 
did between the 8th and 13th to 14th centuries. 


Are there any far-out theories about space that 
you've come across today and thought, there could 
actually be something in that? 

What I like now is the speculation about what happened 
before the Big Bang. I remember, especially when 
explaining it to a lay audience, people saying there was 
nothing before the Big Bang, that it was the beginning of 
time and that it was like saying walk to the South Pole 
and when you get there keep going south - you can't 
because there is no more south. But we are now starting 
to think about what may have caused the Big Bang and 
whether our universe popped into existence from a 
higher dimension multiverse. Are there other universes 
out there? It’s not an idea that we can actually train our 
telescopes on and verify through observation. But it is a 
big question in theoretical physics and cosmology. 

In terms of observation, I guess the most exciting 
thing that I'm aware of is the study of exoplanets and 
the idea that we can now get extrascopic information. 

It used to be that we saw the evidence of exoplanets 

just from the slight dimming of the luminosity of the 
Star as it travelled in front of it. But now we can start 

to look at the light from the star travelling through an 
atmosphere of a planet, if it has one. The atmosphere is 
made up of different elements that will suck different 
wavelengths of light out and you see these absorption 
lines in the spectrum and figure out what elements exist 
in the atmosphere. The interesting thing is whether the 
elements are fundamental for life, such as oxygen. 
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Do other recent events - such as the potential 
discovery of Planet 9 in our Solar System - say 
anything about our understanding of space? 

There is still a lot we don’t know about the outer Solar 
System. Planet 9 has not been seen and all we can 
surmise is its effects on other material way beyond 
Pluto. So whether Planet 9 tells us anything about other 
planets, I'm not sure. I think Planet 9 is a great headline 
grabber in the same way as the debate over whether 
Pluto is a planet or a dwarf planet. Astronomers don't 
teally care - it's aname or classification - but it captures 
the imagination. More interesting and telling are the 
missions to outer gas giants and their moons and 
understanding the composition of them and how they 
formed, and indeed if they could one day harvest life. 
Those are the really big questions. 


There's a lot of focus on Mars at the moment. Does 
the possibility of human colonisation excite you? 
We're a very long way yet from thinking that Mars is a 
better place to live on than Earth. Climate change would 
have to be pretty devastating to find somewhere more 
habitable than Earth. But the notion that we can have 
colonies on Mars and the Moon and utilise some of the 
metals and materials for our technologies is exciting. 

I suspect that, without a doubt, one day we will have 
package tour holidays 

to Mars, which will be a 

very fun thing to do. @ \ 


Jim Al-Khalili has ; 
written many popular 
books including Life 
On The Edge: The Bdge 
Coming Of Age Of 
Quantum Biology, a ai 
collaboration with jin pa 
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Professor Jim Al-Khalili 








Al-Khalili is interested in exploring the state of space 
before the Big Bang took place 


Among the BBC documentaries produced by Jim 
Al-Khalili is The Beginning And End Of The Universe, 
which aired on BBC Four in March 2016 
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What's in the sky? 
Comets, meteor showers and the 
transit of Mercury are the highlights 
for astronomers this month 


Transit of Mercury 
For the first time in nearly a decade, 
Mercury will pass directly between 
Earth and the Sun on 9 May 


This month's planets 
Four of the Solar System's bright planets, 
Mercury, Mars, Jupiter and Saturn offer 
splendid views throughout May 


oe 
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meteor shower 
Take the perfect image of a shooting 
star as it streaks across the night sky 


Moon tour 
Mare Crisium is a spectacular target 
this month as it is fully exposed to the 
morning sunshine on 10 May 


bce 


naked eye targets 
As the nights grow shorter, there’s still 
plenty to see in the May heavens 
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Comet 185P/ 
Petriew is at 
its brightest 
at magnitude 
-9.3 in Libra 


Scorpiids 
reach their 
peak at 

five meteors 
per hour 
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How to clean 


your telescope 
Keep your instrument i ) 
condition with our easy eléaning guide 





Deep sky challenge 
May skies are rich with objects to spot 
in your telescope, including globular 
star clusters and a gaggle of galaxies 


The Northern 


Hemisphere 
There are still many night-sky treasures 
to be had if you're a night owl 
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MAY 


Aquarids 
reach their 
peak at 40 
meteors 
per hour 


5 


Conjunction 
between the 
Moon and 
Jupiter in Leo 


The Moon 

is visible for 
most of the 
night in Libra 


How to image Mars 
at opposition . 
Track down and photograph the Red _ 
Planet while it’s at its best this month 


Cem 


Telescope 
This month's top pick of your 
astrophotography images 


Telescope 


and kit reviews 
The Olivon T900 spotting scope’s 
mettle is tested this month 
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OM! Transit of Mercury 
visible from 


western parts of 
Europe and Africa, 
as well as in the 
east of North 
America, South 
America and north 
of the polar circle 


















Naked eye 
¢ Mars reaches | 
MAY opposition in Scorpius © Binoculars 
* Conjunction \ Small telescope ( 4 
between the Moon 
and Saturn in «*\ Medium telescope ar 


Ophiuchus 2 rat 
/\ Large telescope e 





An alignment of celestial objects at the same celestial When the inner planets, Mercury and Venus, are at Declination tells you how high an object will rise in the 


longitude. The conjunction of the Moon and the their maximum distance from the Sun. During greatest — sky. Like Earth's latitude, declination measures north 

planets is determined with reference to the Sun. A elongation, the inner planets can be observed as and south. It is measured in degrees, arcminutes and 

planet is in conjunction with the Sun when it and Earth _—_— evening stars at greatest eastern elongations and as arcseconds. There are 60 arcseconds in an arcminute 

are aligned on opposite sides of the Sun. morning stars during western elongations. and 60 arcminutes in a degree. 

When a celestial body is in line with the Earth and Sun. — Right Ascension is to the sky what longitude is to An object's magnitude tells you how bright it appears 

During opposition, an object is visible for the whole the surface of the Earth, corresponding to east and from Earth. In astronomy, magnitudes are represented 

night, rising at sunset and setting at sunrise. At this west directions. It is measured in hours, minutes and on a numbered scale. The lower the number, the « 

point in its orbit, the celestial object is closest to Earth, | seconds since, as Earth rotates, we see different parts brighter the object will be. An object witha magnitude 
© 


making it appear bigger and brighter. of the sky throughout the night. of -1 is brighter than one with a magnitude of +2. 
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The transit of Mercury is due 
to take place on 9 May 2016. 
The last time this event took 
place was in November 2006 
and it will not happen again 
until November 2019 
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The ultimate guide to one of the 
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Solar System's showpiece events 


Written by Colin Stuart 


Roll up, roll up! The world is gearing up for the first 
transit of Mercury in nearly a decade. On 9 May the 
smallest planet in the Solar System will ghost in front 
of the solar disc as it passes directly between the 
Sun and us. The last time this happened was back 
in November 2006 and it won't happen again until 
November 2019. Only 36 Mercury transits have taken 
place since Pierre Gassendi became the first person 
to observe one in 1631. While it has been happening 
for billions of years, it wasn't seen until then due to 
the vast difference in size between Mercury and the 
Sun - you'll need a telescope in order to observe it. 
Modern Mercury transits always occur in either 
May or November, with the latter being more 
frequent. The fact that it doesn't happen every 
time Mercury orbits the Sun - which only takes 88 


days - serves to illustrate that the planets don’t all 
lie in exactly the same plane. This time, the planet 
will appear just 12 arcseconds across, where one 
arcsecond is 1/3,600th of a degree. For comparison, 
the Sun's disc appears to us as approximately 1,900 
arcseconds across, meaning Mercury will cover just 
0.004 per cent of the Sun's surface area during its 
transit. The good news is that there will be a large 
window of opportunity to see it - Mercury will take 
seven and a half hours to cross the solar disc. 

In the modern day, transits are of little scientific 
value, but astronomers of centuries past would use 
them - particularly the transit of Venus - to estimate 
the distance between the planets and the Sun. Today, 
they can simply be enjoyed by amateur astronomers 
as one of the sky’s natural spectacles. 
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Where is 
the transit . 
visible ; 
from? 


Getting a good glimpse of the event will 
depend on your location here on Earth 
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Unfortunately for those living in Australia, Japan . 
and Indonesia, the transit will not be visible as it will e 
already be night by the time the event begins. Moving Z 
westwards, observers in China, India, The Middle East, = 
most of Africa and Eastern Europe will be able to watch me 
the majority of the transit, but the Sun will set before - 
Mercury leaves the Sun's disc. ® 
The further west your location is, the more of the 
7.5-hour event you'll have access to. Those in Portugal, 
Spain, France, the UK and Scandinavia will be able to 
the see the whole transit. In London, for example, the 
event begins at 12.12pm and ends at 7.40pm (sunset is 
8.37pm). This is particularly good because even if it is 
partially cloudy on the day, there is a good chance the 
clouds will break, at least for a time. The Sun will also 
have risen out of the murk that tends to cling to the 
ground near big cities. The same is true of observers in 
most of South America and the eastern half of the US 
and Canada. For sky-watchers in Central America and 
the western half of North America, the Sun will rise 
with the transit already underway. 
If you're in a location where only part of the transit 
is visible, then you may be forced to view it close to the 
ground. That means your selection of where to observe 
from is also likely to be important. Looking at the Sun 
as it rises or sets will require a clear eastern or western 
horizon, free of buildings and trees. One way to help 
with this is to try and get to high ground, perhaps on 
top of a hill. 


Entire transit 
visible 
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Transit in progress 


Top ten places 





London, UK 

Transit begins: 12:12 BST 
Mercury reaches Sun's 
centre: 15:56 BST 

Transit ends: 19:40 BST 
as 





Buenos Aires, Argentina 
Transit begins: 08:13 ART 
Mercury reaches Sun's 
centre: 11:58 ART 
Transit ends: 15:42 ART 
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at sunset 









Paris, France 
Transit begins: 13:12 CEST 
Mercury reaches Sun's 
centre: 16:56 CEST 

Transit ends: 20:40 CEST 





—_ee 


Casablanca, Morocco 
Transit begins: 12:12 BST 
Mercury reaches Sun's 

centre: 15:56 BST 

Transit ends: 19:40 BST 








Madrid, Spain 
Transit begins: 13:12 CEST 
Mercury reaches Sun's 


centre: 16:56 CEST 
Transit ends: 20:40 CEST 
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Amount of 
transit seen 


Transit in 
progress 
at sunrise 


Entire 
transit visible 


Transit in 
progress 
at sunset 


No transit 
visible 





New York City, USA 
ransit begins: O7:13 EDT 
Mercury reaches Sun's 
centre: 10:58 EDT 
Transit ends: 14:41 EDT 





Ottawa, Canada 
Transit begins: 07:13 EDT 
Mercury reaches Sun's 
centre: 10:58 EDT 
Transit ends: 14:41 EDT 


Oslo, Norway 

Transit begins: 13:12 CEST 
Mercury reaches Sun's 
centre: 16:56 CEST 
Transit ends: 20:40 CEST 


Rio de Janeiro, Brazil 
Transit begins: 08:13 BRST 
Mercury reaches Sun's 
centre: 11:58 BRST 
Transit ends: 15:42 BRST 





| Reykjavik, Iceland 
Transit begins: 11:12 CEST 

Mercury reaches Sun's 

centre: 14:56 CEST 

Transit ends: 18:40 CEST 
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Watching the even 


Here's our guide to what youre going to see on 9 May 


So what can you actually expect on the day? Let's 
Say youre in one of the locations where you are able 
to view the event in its entirety. Here is what an 
observer would expect to see from London. 

The transit will begin with Mercury's western edge 
encroaching on the Sun's eastern limb at 11:12:23 
UTC (Universal Co-ordinated Time). If the Sun were a 
clock face then Mercury will appear at number nine. 
This is known as exterior ingress. The eastern edge 
of Mercury will graze that same solar limb just over 
three minutes later at 11:15:35 UTC (interior ingress). 
Keen observers might notice the famous ‘black drop 
effect’ as Mercury dances onto the solar surface and 
reaches interior ingress. Here, the planet appears 
elongated as if it is stretching back towards the edge 
of the Sun. This makes the normally round planetary 
disc look more like a teardrop. It is believed that this 
is caused both by defects within your telescope’s 
optics and the phenomenon of solar limb darkening - 
as gas near the edge of the Sun is more opaque. 

Once ingress is complete, Mercury will move 
diagonally downwards on a track that will take it 
towards the southwestern limb of the Sun. It will 
reach the halfway point of its journey at 14:56:17 UTC. 
At this point it will appear almost directly under the 
centre point of the solar disc. For the next three and 
a half hours, Mercury will edge ever closer to egress. 
Interior egress will occur at 18:37:21 UTC with exterior 
egress following shortly after at 18:40:33 UTC. The 
black drop effect should be visible at this point, too. 

It is worth saying once again that looking directly 
at the Sun is never a good idea. Blindness can 
quickly follow. It is possible that you may have some 
observing equipment such as dark glasses left over 
from a previous solar eclipse. Unfortunately, however, 
Mercury's diminutive size means that they won't 
be of any use on this occasion. Instead, you'll need 
a magnified image of the Sun in order to see it. A 
telescope fitted with a solar filter is going to give you 
the best view. This can either be a specialised solar 
telescope or an ordinary telescope with a solar filter 
attached to the front end. It is also possible to use a 
refracting telescope (or even binoculars) to project 
an image of the Sun onto a piece of white card. This 
has the added benefit of enabling you to mark the 
‘passage of Mercury with a pencil as it transits. 
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| Transit of Mercury) 


What happens during a transit? 
Take a look at how tates IV orebiava-level Liat 3 orate eee Sony lineup - 


November transits 

Transits can also occur in November when 
the two planets are on the opposite side 

of the Sun. In fact, November transits.are 
‘more common than May transits. 


Venus transits too. 
Venus is the only other 
planet seen to transit 
in front of the Sun from 
Earth. However, these 

Bernie 
with the next one not 
e(O(=m Une NA 


Mercury's tilt 

Mercury's orbit is inclined at seven 
degrees to the ecliptic plane, which 
‘means that on most orbits it fails to 
pass directly between the Sun and us. 


The ecliptic plane 


tie 





ae l= Peter the Sun takes across our ~ Farth 


sky is known as the ecliptic. This 
_ line, extended.throughout the 


elas eye cel a 
OTR ANE aoe mele) 1-1 RAUL 
coincide so that we see Mercury 
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background of the Sun.: 


Solar System, is the ecliptic plane. 
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Transit dates for your diary 


Transits of Mercury 
11 November 2019 


(best viewed from 
South America) 


Transits of Venus 
10 December 2117 


(best viewed from 
the Far East) 


. November 2032 

est viewed from Eastern 

E 
Africa and the Middle East) aia 


8 December 2125 
(best viewed from 
South America) 


7 November 2039 
(best viewed from Europe 
Africa and the Middle East) 


11 June 2247 
(best viewed from Europe 
Africa and the Middle East) 


The transit live from : 
the Canary Islands 


If you're clouded out at your location, you can watch 
a live stream of the event over at spaceanswers.com 
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Testi! telescope 
atin ie - 


If you already own a telescope then you can 

buy filters that fit onto the front end. You 

J aTo)ba Co MeVME hem nite comcletacm a elom allo) me Kee lame Cel aU ore| 
~ securely and hold it up to a light bulb before 

attaching, to check for any damage, suchas 

pinholes, in order to protect your eyes. 
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» These telescopes have the filter — 
built in and it is irremovable, 
making it a particularly safe 
option. Coronado telescopes, for 
example, allow to you see the 
Sun in hydrogen-alpha, which ~ 

ans that it will appear orange/ 
réd. You'll see any sunspots or 
inences present, too. a 


, 


Proj jection, ~ 
tga ited] 
refracting 
telescope 


AVG MO mors 
filter is to project an image 
of the Sun through your 
telescope onto a piece of 
white card. Add_a cardboard 
shade collar to the telescope 
itself to mask the rest of the 
Sun's glare. Use apertures 

- of less than four inches to 
prevent overheating. 


f 


rere eee 
>. your binoculars. 


~ You can use a similar projection method with ~~ 
~ binoculars, Attach them to a photographic 
tripod and cover one of the apertures with a 
~ Jens cap. You'll find the card will need to be 
quite-elose to the binocular Soca) - 
ue ; (LTT & hee \ 
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Transit of Mercury 








Film the 
transit 


Given that transits of Mercury are reasonably rare - 
it’s been a decade since the last one - many observers 
are keen to capture the moment as a keepsake. 
Luckily, photographic equipment for astronomy has 
become relatively cheap and widely available and so 
this is pretty easy to do, particularly if you are already 
viewing the transit through a filtered telescope. If 
you capture a video of all or part of the transit then 
you have the added bonus of taking frames from that 
movie to give you a photograph, too. 
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Telescope fitted with a solar filter 
Webcam, camera or smartphone 


Eyepiece adapter for camera Setting up your telescope 
Photo/video editing software The first thing that you should do is to get your telescope pointing towards the Sun. It is even better if your 
telescope is able to track the motion of the Sun as it moves across the sky. 





Attaching your camera Capturing the video 
Attach the eyepiece adapter to your camera, webcam or smartphone and Hit record on your device. Bear in mind that the whole event will last for 7.5 
insert it into the telescope, in place of the regular eyepiece. hours, so make sure you have plenty of memory and a fully charged battery. 
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Share your work 
Speed up the frame rate to create a time-lapse video of the transit, lasting Post your images online for the world to see or submit them to All About 
minutes instead of hours. Isolate individual frames for the best still images. Space for possible inclusion in a future issue. And enjoy them yourself! 
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Full Moon 
New Moon 
First quarter 
Last quarter 


All figures are given for OOh at midnight (local times for London, UK) 
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JUPITER 
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VENUS MERCURY 


JUPITER MARS 


SATURN 


Planet positions All rise and set times are given in BST 


Date 
28 Apr 
05 May 
12 May 
19 May 
26 May 


28 Apr 
05 May 
12 May 
19 May 
26 May 


28 Apr 
05 May 
12 May 
19 May 
26 May 


28 Apr 
05 May 
12 May 
19 May 
26 May 


28 Apr 
05 May 
12 May 
19 May 
26 May 


RA 


03h 21m O8s 
03h 16m O6s 
03h 02m 04s 
02h 51m 34s 

02h 52m 42s 


Ol1h 43m 13s 

02h15m 58s 
02h 49m 26s 
03h 23m 44s 
03h58m 57s 


16h 24m 54s 
16h 19m 28s 
16h 11m 36s 
16h 01m 57s 
15h 51m 25s 


11h 0OOm 21s 

10h 59m 40s 
10h 59m 33s 
11h OOm OOs 
11h 00m 58s 


16h 56m 56s 
16h55m 19s 
16h 53m 28s 
16h 51m 28s 
16h 49m 21s 


Dec 

+21° 03' 22" 
+19° 21' 24" 
+16° 22' 30" 
+13° 45' 37" 
+12° 47'18" 


+09° 16' 59" 


+12° 24° 09" 
+15° 16°59" 
+17° 51°15" 


+20° 02'52" 


-21° 36' 12" 
-21° 42° 30" 
-21° 43°54" 
-21° 40' 06" 
“21° 3137" 


+Q7° 53' 03" 
+07°55' 46" 
+07° 54°58" 
+07°50' 43" 
+07° 43' 08" 


-20° 49' 54" 


-20° 47' 04" 


-20° 43'58" 
-20° 40' 41" 
-20° 37' 16" 


Constellation Mag 


Aries 
Aries 
Aries 
Aries 
Aries 


Pisces 
Aries 
Aries 
Aries 
Taurus 


Ophiuchus 
Scorpius 
Scorpius 
Scorpius 
Scorpius 


Leo 
Leo 
Leo 
Leo 
Leo 


Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 


“1.3 
0.6 
2.0 
-0.6 
-1.4 


-3.9 
-3.9 
-3.9 
-3.9 
-3.9 


-1.6 
-1.8 
-1.9 
-2.0 
-2.0 


-2.3 
-2.3 
aoe 
“2.2 
“2.1 


0.9 
0.9 
0.9 
0.8 
0.8 


Rise 

05:53 
05:32 
05:09 
04:46 
04:25 


05:25 
05:13 

05:02 
04:54 
04:47 


22:50 
22:18 
21:43 
21:05 
20:26 


14:48 
14:19 
13:52 
13:25 
12:59 


23:17 
22:47 
22:18 
21:48 
21:18 





Set 


21:54 
21:10 
20:10 
19:17 
18:45 


19:07 
19:29 
19:51 

20:13 
20:35 


07:04 
06:30 
05:55 
05:18 
04:41 


04:19 
03:51 

03:24 
02:56 
02:29 


07:41 
07:12 
06:43 
06:14 
05:45 
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This month's planets 


Of the Solar System's five bright planets, Mercury, Mars, Jupiter 
and Satu are readily visible in the skies throughout May 


a. 
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Constellation: Aries ae 


Magnitude: -2.2 
Direction: West: 


Andromeda : 


Relies 


Eridanus 





i "MY 
20:00 BST on 18 April 

Having reached its greatest elongation skies, observers in the UK will be aluminised Mylar and special glass Appearing as a little black dot, 
on 18 April (20 degrees east of the able to enjoy the entire event, from filters, obtainable from any of the Mercury is clearly visible through 
Sun), Mercury heads back towards the moment that Mercury touches reputable instrument advertisers in any suitably-equipped telescope once 
the Sun in the evening skies during the Sun's disc until it leaves at the All About Space. The transit can it has begun its transit, appearing 
late April, and is visible as an evening opposite edge of the Sun. also be safely observed by projecting darker than any sunspot that may be 
object low above the sunset horizon. Every observer needs to be aware the Sun through a small telescope visible on the Sun at the time. 
It will become increasingly difficult that the transit of Mercury must be onto a shaded white card located at Mid-transit occurs at 3.57pm BST, 
to observe Mercury due to its close viewed under the safest possible a suitably focused distance from the when Mercury is around one third 
proximity to the Sun. Mercury’s conditions. This means that unfiltered eyepiece (making sure to cover the of a solar diameter from the Sun's 
westward path towards the Sun sunlight should never be viewed objective of any finderscope attached southern limb. The planet finally 
continues until 9 May. directly with the eye because it is to that telescope). An ideal projected reaches the Sun's eastern edge at 

On the afternoon of 9 May, likely to permanently damage your solar image would be around 150 7.39pm BST when the Sun is less than 
Mercury actually crosses the face of vision. The best option is to use a millimetres (six inches) across. ten degrees above the western UK 
the Sun - a rare occurrence that can commercially-available solar filter, Mercury's transit begins at 12.12pm horizon. This event represents the last 
be seen from any single location only which can be fitted securely over the BST when the Sun is 55 degrees complete transit of Mercury visible 
a few times each century. Given clear telescope’s aperture; these include above the southeastern UK horizon. from the UK until 7 May 2049. 
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Scutum 


Right Ascension: 1lh 00m 58s 
Declination: +07° 43' 08" 
Constellation: Leo 
Magnitude: -2.1 

Direction: South West 


Shining at magnitude -2.3 in Leo's ‘underbelly’ 

Jupiter nudges its way into the evening skies, almost 
stationary and just a hand's width east of Regulus 
(Alpha Leonis, magnitude +1.3). Jupiter first becomes 
visible in darkening twilight skies on 28 April, some 
47 degrees above the southern horizon by 10pm BST. 
Through a telescope the planet is 41 arcseconds in 
apparent diameter. Jupiter's two main dusky equatorial 
belts are clearly evident, and the Great Red Spot can 
be seen as it transits the planet's disc, visible near 

the central meridian at 2am on 28 April. By 26 May 
Jupiter, shining at magnitude -2.1, is a firm evening 
fixture, first visible 30 degrees above the southwestern 
horizon after 1Jpm and setting in the west at 2.30am. 
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This month's planets 





Right Ascension: 15h 57m 29s 
Declination: -21° 36’ 59" 
Constellation: Scorpius 
Magnitude: -2.0 

Direction: South 


After heading west of the Sun since late 2015, the Red 
Planet finally reaches opposition on 22 May. Opposition 
sees an outer planet located directly opposite the Sun 

- very close to its nearest point to Earth in its orbit - so 
the planet is at its highest above the southern horizon 
at midnight and near its maximum apparent diameter. 
At this opposition, Mars is less than nine degrees west 
of Antares (magnitude +10) in Scorpius - the name of 
this red star actually means ‘Rival of Mars’ At this time, 
however, Mars (magnitude -2.0) far outshines its stellar 
rival. At opposition Mars presents an apparent diameter 
of 18.4 arcseconds - large enough to discern many 
details on the planet's surface with a telescope, such as 
the bright polar ice caps and dusky desert markings. 


~  * Camelopardalis 


Leo Minor 


n Auriga 


~. Gemini: 


Canis Minor. . 
> e- aa 


Right Ascension: 16h 56m 56s 
Declination: -20° 49' 54" 
Constellation: Ophiuchus 
Magnitude: +0.9 

Direction: South 


The ringed planet is a morning object in southern 
Ophiuchus, moving west of the Sun and edging 
nearer to Mars as both planets become brighter. On 28 
April Saturn rises after midnight; at magnitude +0.2 

it culminates due south at 3.45am. With the unaided 
eye, Saturn appears a creamy yellow in contrast with 
brighter, orange-hued Mars. By 26 May Saturn shines 
at magnitude 0.0 and its separation from Mars has 
increased; it rises at 9.30pm and is due south before 
2am. Even a small telescope will reveal Saturn's 
magnificent ring system, which is wide-open for 
inspection. Remember, the detail of Saturn's cloud belts 
and zones is usually far more subtle than Jupiter's. 
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How to... 


meteor shower 


You'll need: 


VY DSLR camera 

V Wide-angle lens 

Y Tripod 

V Remote shutter release 


Around the 6 and 7 May each year, 
we can see a regular annual meteor 
shower in our skies, known as the Eta 
Aquarids. One of the interesting things 
about this meteor shower is that it 
has its origins in the famous Halley's 
Comet. In fact, this comet, which 
revisits our part of the Solar System 
every 76 years, also gives rise toa 
second meteor shower that occurs in 
October, known as the Orionids. 

The Eta Aquarids are swift meteors 
with long paths, which make them 
great subjects for photographs, 
although they can be quite challenging 
to image. One of the reasons for this 
is that the radiant - the point in the 
sky from which the meteors appear to 
emanate - lies in the constellation of 
Aquarius, as the name suggests, and 
at this time of the year for Northern 
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Image a 


We have probably all seen shooting stars 
streaking across the sky. Here's how to take 
a picture of these fleeting flashes of light 


Hemisphere observers, Aquarius is 
below the horizon for most of the 
hours of darkness. This limits the 
number of meteors per hour that an 
observer in the Northern Hemisphere 
is likely to see. 

If conditions are good, you may see 
one every minute or two at best, while 
viewers in the Southern Hemisphere 
fare much better! The prospects for 
seeing these shooting stars this year 
though, are quite favourable as the 
Moon will be almost ‘new’, which 
means that it will be unable to drown 
out any fainter meteors with its light. 

The best time to go out and try to 
photograph the meteors is between 
midnight and 3am GMT. You'll need a 
DSLR camera, a reasonably wide-angle 
lens and a sturdy tripod. It is also a 
good idea to have a remote shutter 





release. This can take the form of a 
cable that plugs into a socket on the 
camera, or one that uses infrared. 
Using such a device reduces the 
chance of vibrations, which are caused 
by your hand on the shutter button, 
from spoiling the shot. A wide-angle 
lens of around 1Omm to 20mm will 
give a wide area of sky in the field of 
view. Many good quality zoom lenses 
will have this level of focal length at 
their widest settings. 

You'll also need to set the camera 
to ‘manual’ mode to be able to control 
the length of exposure and will need 
to use an ISO setting of around 800. 
You'll need to be taking shots that are 
between ten and 20 seconds in length 
to capture a good image, and be sure 
to have a spare battery and memory 
card for your camera handy, too. @ 


© Alamy 


Use a wide-angle lens 

Go for a wide-angle lens or setting. This 
will increase your chances of capturing 
a meteor. 


Take more than one shot 
Don't just take a few shots, take lots! 
You'll need a large memory card of at 
least 16GB. 


Use a low f-number 
Use a low f-number setting on your 
camera. F2.8 or less should work well. 


Take spare batteries 
Two hours in cold conditions will drain 
your camera batteries. Take a spare. 


Don't move! 
Keep your camera aimed at the same 
area of sky to increase your chances. 
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Image a meteor shower 


Shooting ‘falling stars' 
Meteor showers offer the perfect opportunity to test your astrophotography skills 


Meteor photography can be really frustrating but also 
very rewarding. You can take dozens of shots without 
capturing a single meteor, but then you can get lucky! 
Be persistent and don't give up. If you see a meteor 
zip through the sky just out of shot, resist the urge to 
move the camera to that part of the sky, as it won't 





Set up your DSLR camera and tripod and aim it roughly due south. Make sure 
the camera is steady on the tripod to reduce vibrations and image blur. 


| Set up the camera and tripod 





Adjust the ISO 
Set the ISO on the camera to around 800. You may need to adjust this due to 


local conditions such as light pollution. 


appear there again! For the Eta Aquarids, aim your 
camera and tripod roughly due south and point 

it about half way up the sky. This should increase 
your chances of bagging at least one shooting star. 
Don't forget to focus your camera well, too, to ensure 
higher quality images. 






Send your photos to 
photos@spaceanswers.com 








Focus the camera 
Take a couple of test shots of the area of sky you are observing and adjust 
the focus as necessary. The sharper the image, the better the result will be. 


Use a remote shutter release if you have one, as this will minimise vibration 
and knocking of the camera and keep images sharp. 


; Use a remote shutter release 


ta 
3 Moen 


ea ys 


| 


| cal 
Fe => all 
e SS —_—= 
‘ee ics 


a 


“re 





Set the exposure time 
Take shots with up to 30 seconds of exposure time to capture a meteor 


streaking across the sky. Adjust this for local conditions as necessary. 
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Take multiple images 
Don't just take one shot, take lots! This will increase your chances of getting 


a good quality picture of a meteor. 
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Fully exposed to the moming sunshine 
on 10 May, Mare Crisium offers 
spectacular bright views this month 


peo R ato). 


Mare Crisium will make a 
spectacular sight in early 
May through any optical 
SHOTSU MOH RBLc1el Mme l law MAUD EAN 
exposed to the morning 
sunshine and will appear 
as a large, flooded crater. 

A Moon filter will improve 
contrast, toning down any 
glare that often washes out 
intricate features. 


Despite their name, the prominent 
lunar features known as ‘seas’ (‘maria’ 
in Latin) aren't stretches of liquid water. 
They're vast pools of dark lava that 
flooded low-lying areas (mainly impact 
basins) several billion years ago. These 
lava flows have long since solidified. It 
Was only in ancient times - long before 
telescopes were first invented - that 
these dark patches, so clearly visible 
with the unaided eye, were speculated 
to be marine regions. But for more than 
4OO years we have known that the 
Moon's seas are decidedly solid areas: no 
waves lap at their shores and no wind 
billows across their expanses. 

Mare Crisium (the Sea of Crises) is 
the most ‘self-contained’ sea on the 
Moon's nearside. Viewed from above, it 
is markedly oval; measuring 570 by 450 
kilometres (354 by 280 miles), its longest 
axis is oriented east-west. Viewed from 
Earth, Mare Crisium’s position near the 
Moon's eastern edge causes its east-west 
axis to be ‘squashed’ - foreshortening 
makes it appear longer along its north- 
south axis. The apparent shape of Mare 
Crisium and its nearness to the eastern 
edge of the Moon is a good naked eye 
guide to the extent of lunar libration. 

Libration, the apparent slight rocking 
of the Moon from side to side during 


80 






















































the month, allows a total of 59 per cent 
of the Moon's surface to be seen over 
time, while the remaining 41 per cent 
of the Moon (the true far side) is always 
unobservable. Libration affects the 
Way in which we view lunar features, 
especially those lying nearer to the 
Moon's edge, and whenever Mare 
Crisium is on show, those with a keen 
naked eye will be able to determine the 
state of the Moon's libration. 

Libration favouring the eastern edge 
of the Moon will show Mare Crisium 
to good effect, while a strong libration 
favouring the Moon's western edge will 
push Mare Crisium near the Moon's 
edge, foreshortening it to a considerable 
extent. During the first half of May, as 
the Moon waxes (grows in size) in the 
evening skies, libration greatly favours 
Mare Crisium, while the remainder of 
May sees Mare Crisium gradually being 
pushed ever-closer to the Moon's edge. 

The neat, oval-shaped Mare Crisium 
produces a noticeable ‘dent’ on the 
moming terminator of the young lunar 
crescent, visible without optical aid to 
those with keen eyes on the evening of 
9 May. Fully exposed to the morning 
sunshine a day later, Mare Crisium 
makes a spectacular sight through any 
optical instrument, looking like a large 


flooded crater (which is exactly what 

it is). Mare Crisium has lofty western 
mountain borders whose clean-cut cliffs 
shine brilliantly in the morning light. 
Under a low illumination, a concentric 
system of wrinkle ridges comes into 
view. These ridges average about 50 
kilometres (31 miles) from the mare 
border, forming a disjointed internal ring. 

Dorsum Oppel, the most prominent 
of these wrinkles, links with the flooded 
crater Yerkes (36 kilometres, or 22 miles) 
in the west and curves around the 
northwestern periphery of the mare 
for 300 kilometres (186 miles), where it 
is intercepted by half a dozen narrow 
wrinkles that cross the mare from the 
northwestern border. 

In the northeast lies the narrower 
Dorsa Tetyaev (150 kilometres, or 93 
miles, long) and Dorsa Harker (200 
kilometres, or 124 miles). As the Sun 
climbs higher, numerous light-coloured 
rays cross Mare Crisium’s mottled 
surface, notably those from the bright 
impact crater Proclus (28 kilometres, or 
17 miles, across) just beyond its western 
border. Several impact craters dot its 
surface - Picard, Peirce and Greaves can 
be seen under a midday illumination. 

On 22 to 23 May, a couple of days after 
full Moon, Mare Crisium’s western border 


casts shadows as its eastern reaches 
begin to darken with the nearing sunset 
terminator, the mountains of its eastern 
border glinting in the setting Sun. 

A considerable breach exists in the 
eastern mountain border where the 
mare lavas have flowed into outlying 
craters and valleys, notably Mare Anguis 
(Serpent Sea), one of the smallest lunar 
maria which is an irregular, dark patch 
measuring about 200 kilometres (124 
miles) from north to south. A large 
mountainous headland, Promontorium 
Agarum, projects into Mare Cristum 
from its southeastern shore. 

There's far more to glimpse in and 
around Mare Crisium throughout its two 
weeks in the Sun each lunation - it’s a 
truly fascinating feature to study. @ 
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Arcturus (star) 
The brightest star in 
Ps e a er the Northern Celestial 
. , . . Hemisphere and the fourth 
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Corona Borealis 

The constellation of the 
‘Northern Crown’ isan — 
arc of stars that contains 
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s . Spica (star) 
ae ar ee a ee Mee 250 light years from Earth, 

a | : Spica is the 15th brightest 
star in the sky and is a blue 
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Coma Berenices 

This is an often- 
overlooked constellation, 
marked by three stars 
forming a right-angled 
triangle. It is supposed to 
represent the hair of the 
beautiful Queen of Egypt. 


The ‘Bowl’ of Virgo © 
The ‘Bowl of Virgo’ is 
an easily recognisable 
SES CukCrlm eae 
Uatmt eee eI R=) ele) e 
of Virgo. It helps to 
identify this large and 
sprawling constellation. 
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telescope 


Here's how to keep 
your scope clean for 
optimum views 


Camera lens blower 
Microfibre cloth 
Lens cleaning fluid 
Lithium grease 


Refractor telescopes come in a variety 
of sizes and qualities. They all have 

a lens at the front, the objective lens, 
and a focuser at the other end into 
which you put your eyepieces. They 
are what most people think of when 
you say the word ‘telescope’ and 

they are simple instruments. They 
do, however, need to be maintained. 
Doing this maintenance regularly will 
ensure that your telescope will go on 
giving you high quality views and 
images year after year. 

As with any optical device though, 
you need to exercise caution when it 
comes to cleaning them, especially 
when it comes to the objective lens. 
Telescope lenses are easily scratched 
and such damage can seriously affect 
the quality of image the telescope 
produces. Lenses do gather dust, dirt 
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FLAMMABLE LIQUID 


and marks over time, and while small 
marks and a little dust is harmless and 
can usually be ignored, there will be 

a point where the detritus on the lens 
will get too much. 

Unless you know exactly what 
youte doing, do not be tempted to 
remove the lens from the tube. Most 
cleaning is only necessary on the front 
surface, the one facing the sky. If it is 
easy to remove the dew shield from 
the front of the tube, it is useful to do 
this before cleaning the lens. If there 
is any obvious grit, dirt or fluff on the 
lens, do not be tempted to wipe it off 
as this may cause scratches. 

Instead, use a camera lens blower 
brush to gently blow or flick off any 
such material. Only after you have 
done this should you use a clean 
microfibre cloth and cleaning fluid. 


These can be easily obtained from 
opticians as they are used by spectacle 
wearers, but are equally effective in 
cleaning telescope lenses. 

Use only a small amount of the 
fluid spray and wipe off in a circular 
motion. Avoid the urge to scrub at any 
more stubborn marks. Re-spraying 
the spot and wiping again in a circle 
should usually do the trick. Once you 
have cleaned the lens you can turn 
your attention to the tube. Use a damp 
cloth to remove any marks or dirt. 

Check the focuser for smooth 
movement, too. If necessary, use a 
little good quality lithium grease on 
the rack and pinion, but avoid over 
doing it. Lithium grease is less affected 
by the cold temperatures of night-time 
observing sessions than silicon grease, 
So it will be less likely to turn sticky. @ 


Before carrying out any cleaning, check 
the lens in good light to see if it really 
needs it. 


Only use a clean microfibre cloth on 
your lens. You're taking dirt off, not 
putting it on! 


Use a good quality lens cleaning spray 
sparingly, as used by spectacle wearers. 


When wiping the surface of the lens, 
sweep lightly in a circular motion to 
avoid scratching. 


Lithium grease will keep focusing smooth. 
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Polishing your telescope lens 
An easy guide to keep your refractor in tip-top condition 


Your refractor telescope can provide you with many 
years of good service and enjoyable observing 


Just to reiterate, go lightly and don't scrub the 
telescope lens. You should also keep the tube clean 


sessions if you look after it properly. Following this 
step-by-step guide will ensure that you get the same 
sharp images and the ease of use you got the first 
time you took it out of the box. 
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Check your telescope lens in good light and use your judgement as to whether 
it really needs cleaning. Remember, a little dirt is better than lots of scratches. 





| cos the lens for dirt 
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A few puffs with a blower brush should help to remove any fluff, grit or dirt 
that may be on the lens and without causing any scratches. 
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3 Remove impurities with a blower brush 
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Clean the lens in circular motions 
Using a clean microfibre cloth, gently wipe the lens in circular motions to 
remove dirt spots or marks. Don't rub too hard as this could damage the lens. 
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and the focuser well greased for optimum use. 
Remember, a little dirt is better than lots of scratches! 
If you come across something you are not sure about, 
don't be afraid to ask an expert. 






Send your photos to 
photos@spaceanswers.com 
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If possible, carefully remove the telescope's dew shield, as this will make it 
easier to reach the objective lens for cleaning. 


? Remove the dew shield 





Apply the cleaning fluid 
Spray one squirt of cleaning fluid onto the lens. Use sparingly and avoid 


using too much. You can get good quality cleaning fluid from any opticians. 





Grease the focuser 
Finally, check the operation of the focuser. If necessary, use a small amount 
of lithium grease to improve performance and keep focusing smooth. 
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The Realm of the Galaxies 
and globular star clusters 


May's skies are rich with objects 
to spot through your telescope, 
including globular star clusters 


If you look due south in the spring in the late 
evening, you are in fact looking out from the plain 
of our own galaxy, the Milky Way, and out into deep 
space. It is in this region that you will find far distant 
objects to challenge your telescope, including dozens 
of galaxies. 

The part of the sky around the constellations of 
Leo, Virgo and Coma Berenices is known as the 
‘Realm of the Galaxies’, and it is teeming with faint 
smudges of light, which is all that we can see of these 
island universes; each galaxy containing hundreds of 
millions of stars. 

There are some objects a bit nearer to home, too. 
These are the globular clusters. These ancient globes 
of stars, often made up of some of the oldest stars in 
the known universe, orbit around our own galaxy a 
long way outside of the spiral arms that make up our 
Milky Way. 

Some of these globular clusters are large enough 
and close enough to allow many of the stars to be 
resolved in even a small telescope, while others are 
so distant they appear as just a soft, round glow in 
anything other than a fairly large instrument. 


Sombrero Galaxy (M104) 


A dark dust lane in front of the core of this spiral 
galaxy gives it its name, the Black Eye Galaxy. It 
is best seen in telescopes of 150-200mm or larger. 


~-) Globular Cluster M53 
2 A more distant object, globular cluster M53 is 
located about 58,000 light years from us. In 
small telescopes, it looks like a round-shaped fuzz. 


~ +) Globular Cluster M3 

~\ M3 is one of the finest globular star clusters in 
2 the Northern Hemisphere. This cluster resolves 
into a bright core with dozens of stars surrounding it. 


Galaxy M87 
This is a super-giant elliptical galaxy and one 


of the most massive in the local universe. It 
looks like a soft glow through amateur telescopes. 


Galaxy M86 
"— Another elliptical or lenticular galaxy, Galaxy 


M86 is not too far away - from our point of view 
- from M87, although it appears a little fainter. 


Sombrero Galaxy (M104) 

An edge-on spiral galaxy, M104 looks like a 
Mexican sombrero hat from Earth. A dark dust 
lane bisects this object, adding to its appearance. 


| The Black Eye Galaxy (M64) 
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The Northem J 
Hemisphere 


Nights are getting shorter but there are still 
treasures to be had if youre a night owl 


A stunning array of star clusters grace 

the night sky in May. The constellation 

of Hercules (The Hero) brings with it the 
stunning Great Globular Cluster in Hercules 
(M13) and M92 for astronomers with 
telescopes with a small aperture. 

Meanwhile, the brightest star in the 
northern celestial hemisphere, Arcturus in 
Bootes, can be found in the south. For those 
who can't wait until the summer for a deluge 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Hold the chart above your 
= head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


The constellations on the chart 
should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
NK 
Variable star 
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of nebulae, the Cat's Eye Nebula (NGC 
6543) in Draco is an easy target for 
medium-powered telescopes. Galaxies 
such as the Black Eye Galaxy (M64) in 
Coma Berenices are also visible. 

At varying times of the night, the 
naked-eye planets will make their 
way along the ecliptic. Remember 
to use this map under red light to 
preserve your night vision! 


ISV4 


Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Observer's note: 

The night sky as it 

appears on the 16 May at 
approximately 10pm (BST). 


Planetary nebulae 


Galaxies 
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How to... 


You'll need: 


V Telescope 

V Mount (driven is useful) 
V DSLR camera 

V Remote shutter release 
V Barlow lens 


When a planet comes to opposition, 
it means that it is opposite the Sun 
in our skies. It also means that this 
is a really good time to observe it, as 
it is also usually about as near as it 
can get to us in our respective orbits. 
In other words, it is on the same side 
of the Sun as Earth and is available 
throughout the night for observing. 
This is the case for Mars this month. 
Mars has a special draw for us 
as it is still slightly mysterious and, 
because of its distinct lack of cloud, 
we can view its surface relatively 
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t opposition 


The Red Planet is at its best for viewing this month. 


Here's how you can capture it... 


easily. However, it is not a large planet 
- it is just over half the size of Earth. 
Therefore its apparent size can vary 
quite a lot from just a few arcseconds 
in diameter to over 25 arcseconds. 
Bear in mind that one arcsecond is 
about the diameter of a coat button 
viewed at a distance of five kilometres 
(three miles)! 

On 22 May, Mars will be at 
Opposition at a distance of 75.3 million 
kilometres (46.8 million miles) and 
will have a disc that appears 25.1 
arcseconds in diameter - a good size 
for viewing and imaging. 

With the naked eye, Mars only ever 
looks like a pink-coloured star, but 
even through a small telescope at this 
time, it will show an appreciable disc 
if you use a reasonable magnification; 
Say around 100x. Because it seems 
So small, it is not the easiest object to 
image, but it is possible if you have a 
driven mount for your telescope and a 


way of attaching your DSLR camera to 
the scope. 

You will need to use a Barlow lens 
between the telescope and the camera 
to increase the effective magnification, 
and a remote shutter release for your 
camera will be essential to avoid 
vibrating the telescope when you click 
open the shutter. Alternatively, you 
could also try to take some images 


using the camera on your smartphone. 


Many people have had success by 
just holding the smartphone camera 
over the telescope eyepiece and taking 
a picture this way. If you're lucky, you 
will not only get the disc of the planet 
but also some of the surface features, 
such as the dark triangular shape of 
Syrtis Major, or even a white polar cap. 

Be prepared to get a fairly blank 
looking disc though, as Mars is 
sometimes prone to dust storms 
that can cover the whole planet, 
particularly at opposition! @ 


© Hubble; NASA; David Crisp; WF PC2 Science Team; JPL-Caltech 


Aim for midnight 

The very best time to image or even 
view Mars is around midnight GMT 
when the planet is found due south. 


Check for cloud 

Don't worry if you are clouded out 
on the 22 May, Mars is actually at its 
closest on the 30 May. 


Use the right equipment 

If you don't have a way of attaching 
a DSLR camera to your telescope, try 
using a smartphone camera instead. 


Consider filters 

If you're viewing Mars, colour filters can 
help to discern details. An orange filter 
will particularly enhance the view. 


Check seeing conditions 
Earth's atmosphere can make a 
difference to the view. It's called 
‘seeing’. A still, slightly damp night will 
produce the best views. 
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Image Mars at opposition 


Hunting for Mars 
Track down and photograph the Red Planet at its best 


People are sometimes disappointed when they see your eye get used to the view and you'll probably find 
Mars for the first time through a telescope, as the that you start to see subtle shading on the planet's 
planet initially looks small and featureless. Taking surface and then notice a white polar cap. Look out 
an image helps, as this will bring out some of the for Syrtis Major, a dark ‘V’ shape in the middle of the 
features quite well. If you are looking though, just let planet, although it's only visible at certain times. 
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Get your timing right 2 Focus your telescope and camera 
| Wait until late in the evening for the best A good sharp focus on both the telescope and 
viewing and imaging conditions. Mars is due the DSLR camera will make all the difference 
south at midnight on 22 May. to the view and to any images you take. 





Use a Barlow lens and remote Try out a smartphone camera 
A shutter release 5 If you are unable to attach your camera to the 
To image Mars with your DSLR through the telescope, a smartphone camera can also get 
telescope, use a Barlow lens to increase magnification. good image results. Experiment and take lots of shots 


A remote shutter release will also reduce image blur. to increase your chances of getting a good one. 
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Send your photos to 
photos@spaceanswers.com 


An orange filter will enhance contrast and 
any details of Mars when viewing through the 
telescope. Remember to remove the filter for imaging. 


3 Attach an enhancing filter 





Use an image processing software to get the 

best out of your images of the Red Planet. 
Programs such as Photoshop and GIMP are good for 
image editing. 


6 Process your images with software 
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The Milky Way over Iran 
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” Michigan, ae 
Telescope: Takahashi 
FS$Q106 APO Refractor. 
ee Wavtcm ate lec) mentee 
been the worstI ~ .. 
y 7 can remember for 
7 astroimaging since I y 
moved to Fremont, Michigan. But the mm 7 ie 
-unfavourable’conditions have given 
" me the opportunity to review old data” 
that I never had the chance to process. 
I came across-data for the.colourful 
Fireworks Galaxy, which rests about, ae = 
ifs} atl bone icles NOISE ALAh (cori Oe eee ee ee ~~" 
the constellations of Cepheus Tala : , | , a es 
7a This spiral. galaxy is Reyne iueele a ae , 
‘obscured yd iW oToeteKcee- Vale le Lets] me) me) ENE ' 
Milky Way and is famous for 0: i ' ae 
supernovae explosions.” : ' 





ar Hawkins 
Cambridgeshire, UK 

Telescope: Celestron NexStar 8SE 

“My interest in astronomy has 

vi been going for about 11 years 
re now, since my dad bought me 
i. my first telescope. I love every 
minute of observing the night 
sky as it never fails to amaze me. Being able to 
point my telescope out of my bedroom window 
and see the Moon in such detail is breathtaking. 

I keep an eye out for meteor showers, which are 
another beautiful way to see astronomy in action 
using just the naked eye. Recently, I've been 
taking photographs of stars when they are at their 
brightest, which is utterly amazing.” 
































Surface detail on a crescent Moon 


Send your photos to... “> @spaceanswers © photos@spaceanswers.com 
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Olivon T900 


Sturdy armour, multicoated optics and a lightweight 


design make this spotting scope ideal for casual astronomy 


Telescope 
advice 


Cost: £449.99 (approx. $640) 
From: Optical Hardware Ltd 
Type: Spotting scope 
Aperture: 3.5" 

Focal length: 21.2” 


Best for... 


Intermediate 
Medium budget 
Planetary viewing 


Lunar viewing 


Bright deep-sky objects 


“Gd is 
4 
oe 


1e T900's optical system 
C i cL. nd 


meee eed 
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The spotting scope isn't very well 
associated with observing the night 
sky and is most commonly used by the 
avid nature watcher, who takes great 
enjoyment in getting close-up views of 
the local wildlife. 

Our experience with the T900 
though, has quashed this stereotype 
as we found this robust spotting scope 
to be particularly useful in observing a 
selection of targets in the night sky - in 
particular, the Moon, star clusters and the 
brighter, ‘naked eye’ planets. 

The Olivon T900 arrived well 
packaged, with plenty of padding to 
ensure that the spotting scope was 
sufficiently protected. This spotting scope 
has an impressive rubber outer casing 
that promises to protect the optics from 
becoming damaged from general wear 
and tear, and to keep condensation out 
thanks to the use of fully waterproof 


materials. The Olivon T900 comes well 
equipped, with a 22-68x high-resolution 
zoom eyepiece included in the package. 
We also noted the 1.25-inch eyepiece 
holder, which allows versatility for 
those wishing to accessorise the 
spotting scope with astronomical 
filters and eyepieces. Being of a notable 
weight (1.9 kilograms or 4.1 pounds), 
this spotting scope requires a tripod 
for steady views - something that sadly 
needs to be purchased separately. If 
you don't own a tripod, we can strongly 
recommend the Olivon TR154-11, a 
heavy-duty tripod that's ideal for use 
with the T900. 
As mentioned previously, the Olivon 
T9OO has been manufactured with 
a fully waterproof, rubber-coated 
casing to protect the aluminium body 
and optics, allowing nature lovers to 
watch wildlife in a variety of weather 


“The Olivon T9O0 is ideal as 


a grab-and-go telescope and 


for travel” 
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conditions. 
For that added 
protection, the 
T900 also features 
nitrogen fog proofing 
inside the armour. 
Many astronomers’ 
observations are hindered by 
the condensation that a change in 
temperature can bring - from moving 
an observing instrument from the 
warm indoors to the much-colder 
outdoors. This can ultimately cause 
damage to the coating of the objective 
lens and optical system if it isn't 
removed carefully. But this spotting 
scope ensures that this isn't a problem, 
meaning that sky-watchers can enjoy 
the night sky relatively fuss-free. 
Despite the copious amount of armour, 
the T900 is light in comparison to 
standard scopes, meaning that it's ideal 
as a grab-and-go scope and for travel. 
The April sky offered an impressive 
selection of spring targets for us to 
test the Olivon T900's mettle. With 
Mercury hitting greatest elongation on 
18 April, we turned the scope to the 
smallest planet in the Solar System 
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Telescope advice 


A 22-68x high-resolution 
zoom eyepiece is included 
with the T900 spotting 
scope, which can be 
accessorised with 1.25” 
astronomical eyepieces 
for versatility 


0. ae 





before it sank below the northwestern 
horizon. The multicoated 3.5-inch 
aperture picked out a faint, small 

disc. While not hugely impressive 
through the T900, knowing that youre 
observing the closest planet to the Sun 
is still exciting in itself. 

Turning the spotting scope to king 
of the Solar System Jupiter in the 
constellation of Leo (The Lion) in the 
southeast, we got a fair view despite a 
degree of glare. Sadly, we couldn't see 
much detail on the gas giant, though 
we could make out the planet's Galilean 
moons as points of light. 

Viewing the Moon, which was at 
its waxing gibbous phase, we took 
advantage of the terminator - the 
boundary between night and day - 
which beautifully played up several of 
the lunar surface's craters, including 
Hipparchus and Faraday in the light 
and shadow. The multicoated lens and 
the BAK4 prism ensured clear, crisp 
views across a very good proportion of 
the field of view using the high-quality 
zoom eyepiece - something that can 
often disappoint with spotting scopes. 







The spotting scope's 
angled eyepiece allows 
for comfortable viewing 


Bela 
piney 
ull Fi 


of astronomy. For this reason, we 


Operation of the zoom eyepiece was recommend this product to casual 
smooth - similar to the twist eyecup astronomers or those who are looking 
- which provided good eye relief and for an additional piece of kit to a pre- 
made it suitable for those with or existing telescope, as the Olivon T900 
without spectacles, while the angled is limited to the brighter targets of the 
orientation of the T9OO's eyepiece night sky. 
holder made for very comfortable If nature watching is of no interest to 
viewing. The zoom eyepiece’s fit into you or you are just learning to find your 
the spotting scope is quite snug, but way around the night sky, then we 
users of the T900 will be glad of such strongly recommend buying a pair of 
a secure fitting during their observing binoculars or a telescope that comes 
sessions. With a selection of 1.25-inch as a more complete package. If, on 
astronomical eyepieces, we had the the other hand, you'e looking Sadly, while required, 
option of increasing the magnification for an instrument that's easy to the T900 doesn't 
and obtaining larger star fields, star carry and complements your come with a tripod 
clusters and bright nebulae. existing kit, then this rugged 
Sadly, due to the lack of a spotting scope that's ideal 
finderscope, navigating your way in low-light and for basic 


around the night sky will be a astrophotography could be 
challenge for beginners to the hobby the one for you. @ 
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Start your exploration of the night sky 
with this month's competition 


To be in with a chance of winning, all 
you have to do is answer this question: 


In which hemisphere would you 
find the constellation of Cancer? 
A: Southern Hemisphere 

B: Northern Hemisphere 

ore Tay aa ad 


Congratulations to Barrie Paterson, who ° 
was ate winner of last issue's competition 


Courtesy of Optical Hardware 

Ltd, we have got an Olivon T900 
spotting scope for you to win this 
issue. Featuring a multicoated, 
high-resolution 22-68x zoom 
eyepiece along with BAK4 prisms 
for exquisite, crisp and clear views 
of bright night-sky objects, the T900 
is the ideal companion for those 
breaking into astronomy. 

' This spotting scope is suitable 


. for those who enjoy gazing upon 


the cratered surface of our lunar 
companion, as well as bright planets 
and star clusters. The beauty of the 


—— of: 


Olivon T900 is that it is extremely 
versatile, with its 1.25-inch eyepiece 
fitting allowing it to double up as 

a perfect optical tool for nature 
watching and digiscoping. 

The Olivon T900 is lightweight 
for portability and is manufactured 
with a fully waterproof and fog- 
resistant design, giving you a rugged 
build that’s sure to last for years 
of observations. Teamed up with 
a three-way pan Olivon TR154-11 
tripod, this stargazing package 
ensures the very best in basic but 
rewarding astronomy. 
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There is nothing like viewing celestial objects A | 
through.a pair of large aperture binoculars. “< 
Objects take on a.3D effect and the views of I 
known nebulae FLaNe| 1 clusters TE more engaging. 


WD BTS 1S-A 

High quality 81mm achromat that 

delivers crystal clear 3D 

views of star clusters and’ | 

nebulae. Light, portable and N , . 

Se with a wide choice 4 a spel re 

of eyepieces and accessories. ggue 85 JUNE 2012 J 
re 


Prices from just £799. | 
For more pated ETI bobehactallat ctl) DoE a 


a | Observation: 


| Entry level a multi-coated 70mm 
models perfect for the first time or 
occasional user looking for a pair of "Sail 
large objective binoculars for star gazing , 
as well as long range terrestrial viewing. — 
Supplied:in soft carry case with 5 yr guarantee. 


11x70 £99, 15x70 £99 
For more information visit www.opticron.co.uk 


For more information and stockists of Vixen and Opticron 
astronomy products please call 01582 726522 quoting 
reference AAS51. 

Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF 
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+ Optical & Radio Telescopes, Astro Photography, 
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Microscopes, Scientific Models & Books and much more 


FORNAX MOUNTS: CONVENIENT MODULAR DESIGN 


Use it with MC3 controller or add Hydra for wired / wireless control! 
Add absolute encoders for complete robotic operational functions! 
Fornax mounts available for 50 - 100 - 150 - 200 kg payloads. 


Call 020 33 845 187 between 9am — 80m 7 days a week. 
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Astronomy 
kit reviewS 


Stargazing gear, accessories and books 
for astronomers and space fans alike 
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App 

Space Junk Pro 

Cost: £2.99 / $4.99 

From: Google Play & iTunes 

We very much like the idea behind Space Junk Pro, which uses satellite 

data to show you which planets, satellites and constellations are viewable 

in your sky. What's more, this app is available for both Android and iOS. 

We were particularly impressed with the way that Space Junk Pro was 

able to locate the International Space Station (ISS) 

and even the Hubble Space Telescope, making it 

a sure favourite for anyone who has ever found 
themselves rushing outside to witness the ISS 

racing around our planet in its orbit. Smoothly 

uploading the app onto an iPhone and ensuring 

ot that our device's compass was calibrated, we 


Te, +a 
Tig) 


4/R 


a found no issues with the running of Space 
=: sa Junk Pro. However, we did find that it 
BS drained the phone battery quite quickly and 
automatically starts up without prompting 
when we switched on our device. This 
might be off-putting for some, but 
overall, the app is an excellent 
piece of software for a 
very good price. 


~_ / = 
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Eyepiece one 00 

eade Series 


Cost: £200 (approx. $282.35) 

From: Hama UK 

Ideal for astronomers who are keen to accessorise their 
scopes with a selection of eyepieces and filters, the Meade 
Series 4000 complements a wide range of instruments. 
What's more, being reasonably priced means that getting 
great views of the night sky won't break the bank. Supplied 
in a robust carry case, the Meade Series 4000 comes with 
64mm, 9.7mm, 124mm, 15mm, 32mm and 40mm Super 
Plossl eyepieces, a 2x Barlow lens and yellow, red, green, blue 
and Moon filters. Putting the eyepieces to the test, the views 
were exquisite with the lower power eyepieces, which 
are ideal for revealing excellent detail on the Moon 
and calibrating your scope. Increasing the ‘power' 
allows you to achieve excellent views of a selection 

of night-sky targets - we were particularly impressed 


rs Mane with our views of deep-sky objects. The eyepieces and 


Barlow lens are of excellent quality, although some may 
struggle to identify the aperture of each of the lenses 
while observing in the darker hours. The supplied 
high-quality filters also enhanced our views. As proven 
many times before, Meade Instruments have gone 
above and beyond, providing more accessories over 
other telescope manufacturers for the price. 
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Celestial Buddies 


Cost: From £24.99 / $21.99 that the planets’ masses and sizes are to scale - for 


From: Celestial Buddies LLC example, and as expected, Saturn is larger and noticeably 
Celestial Buddies bring the Solar System into your home heavier than Uranus. The name of the celestial object that 
and are sure to delight space fans of all ages. The Celestial | each soft toy represents is beautifully embroidered into 
Buddies range includes all planets in our Solar System, the ‘foot’ of each planetary pal. 
including dwarf planet Pluto and its largest moon Charon, Each plush toy costs more than £20 ($20) each, 
as well as the Sun, the Moon and even a comet. meaning that to get an entire set would create a 

With each plush toy supplied with a tag that provides noticeable dent in your bank balance. However, given that 
Statistics, Celestial Buddies double up as educational toys they are unique - there are no toys on the market that are 
geared towards teaching youngsters not just about our alike - and have been exquisitely well made, they are a 
own Earth-Moon system but the worlds beyond it. The worthy purchase in our opinion. We're certain that they 


manufacturers of the Celestial Buddies toys also ensured will be an addition to the office very soon! 


















Solar accessories 

Solomark deluxe adjustable solar filter 

Cost: £29.99 (approx. $42.70) 

From: Amazon 

With longer daylight hours and the transit of Mercury just around the 
corner, astronomers are paying more attention to the Sun. If you only 
observe our nearest star on rare occasions and are not looking to purchase 
a solar telescope any time soon, we strongly recommend purchasing a solar 
filter, which you can attach to your telescope. While not a hugely known 
manufacturer of astronomical equipment, Solomark’s 
solar filters are well made and feature a high-quality 
Baader Sun filter membrane for safe solar 
viewing. Removing our refractor's dew shield, 
the filter fits snugly with simple screws 
that can be turned by hand. The solar 
filter performed well and we were 

able to see the disc of the Sun and its 
sunspots with ease. The plastic ring, 
however, is quite flimsy given the 
price. As the filter is adjustable, it can 
be fitted to a selection of telescopes 

- sadly, we found that the filter 
couldn't fit to the scope apertures as 
promised. We advise that you think 
carefully about which solar filter will 
fit your telescope best before making 

a purchase. You should also ensure that 
the film isn't damaged and that the solar 
filter is tightly attached before viewing. 
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Kelly 


He commanded 
the final flight 


of Space Shuttle 
Endeavour, despite 
suffering intense 
family turmoil 


On paper it was an easy mission; 
in reality it was one of the hardest 
things for an astronaut to do. Mark 
Kelly had been preparing to become 
commander of the Space Shuttle 
Endeavour's final mission, STS- 
134, in 2011 when he received the 
worst possible news: his wife, US 
Representative Gabrielle Giffords, 
had been shot in the head during 
an assassination attempt outside a 
supermarket in Arizona. 

That day - 8 January 2011 - six 
people, including a nine-year-old girl 
and a federal judge, were killed and 
13 others were injured. Giffords had 
undergone emergency surgery to 
remove fragments of her skull and a 
tiny amount of necrotic tissue from 
her brain, and Kelly had flown direct 
from Houston to Tucson to be by her 
side. He had been due to arrive at the 
International Space Station (ISS) the 
following month but delays relating to 
an earlier mission had pushed it back 
to May. Even so, it was touch and go 
as to whether he could make it. 

A standby commander, Rick 
Sturckow, was appointed. His task, 
Should Kelly be unable to go, was 
to fly with the other five astronauts 
and deliver the Alpha Magnetic 
Spectrometer together with an 
ExPress Logistics Carrier to the ISS. 
Kelly continued to prepare while 
doctors looked after his wife, still 
unsure whether he should embark on 
the mission. But then, miraculously, 
Giffords began to make a much faster 
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than expected recovery and Kelly 
decided in early February that he 
would be able to fly. What he didn't 
realise at the time was that his wife 
would actually be there to see him set 
off on his mission. 

On 16 May, Giffords left the hospital 
and travelled to the Kennedy Space 
Center in time for the launch of 
Endeavour at 12.56pm GMT. By this 
time, it had become a major event, 
with even President Barack Obama 
having visited a couple of weeks 
earlier. There was no need to worry 
about the success or otherwise of the 
mission. It went without a hitch and 
Kelly returned on 1 June 2011. 

However, he had a bombshell to 
deliver: he had already made up his 
mind that he was going to leave 
NASA and the US Navy in order to 
help his wife recover. That she did, 
and two years later they founded 
Americans for Responsible Solutions, 
which encourages elected officials to 
stand up for solutions that prevent 
gun violence and protect responsible 
gun ownership in the US. 

In theory, his decision to leave 
NASA should have ended his 
involvement with space. It had, he 
thought, brought to a close a 15-year 
career with the agency, a career that 
had begun with his selection as a 






NASA Space Shuttle pilot in 1996 and 
saw him fly his first mission on STS- 

108 in 2001. He had followed that up 

with further flights: STS-121 in 2006, 

STS-124 in 2008 and, of course, STS- 

134 in 2011, exactly five years ago. 

But the former naval aviator who 
had flown in combat during the Gulf 
War didn’t reckon on the continuing 
career of his twin brother, Scott 
Kelly. Born 21 February 1964, Scott 
was about to embark on a mission 
to spend a year on the ISS to test the 
effects it would have on the human 
body. The idea that Mark Kelly 
could be used as a ground control 
subject was put forward and it was 
enthusiastically seized upon, not least 
by Mark himself. 

As a result, a sideline project to 
Scott's mission was devised called the 
Twins Study. Part of NASA’s Human 
Research Programme, it would see 
Mark go about his day-to-day duties 
here on Earth while Scott carried out 
his mission in space. The pair would 
then be regularly tested for signs of 
any fundamental changes caused by 
being in space. Still ongoing today, 
it looks set to be one of Mark Kelly's 
lasting legacies; an important, ground- 
breaking study that will help future 
manned missions to Mars. He truly is 
a hero of space. @ 
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Understand This Triumph 
of Modern Physics 


The recent discovery of the Higgs boson was celebrated around the 
world. The quest to pursue it cost 10 billion dollars; involved years 

of international collaboration amongst top physicists, engineers, and 
other experts; and led to the construction of the single largest and most 
complex device in the history of mankind. And yet, few people truly 
understand what the Higgs boson is or why it is so significant. 


In The Higgs Boson and Beyond, award-winning theoretical physicist 
Sean Carroll, a brilliant researcher as well as a gifted teacher who excels 
in explaining scientific concepts to the public, leads you through this 
thrilling story. He clearly explains the necessary background of the 
basics of quantum mechanics, the Standard Model of particle physics, 
and more, helping you realise how the discovery of the Higgs boson 
validates and deepens our understanding of the universe. 
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LECTURE TITLES 


1. The Importance of the Higgs Boson 
Quantum Field Theory 

Atoms to Particles 

The Power of Symmetry 

The Higgs Field 
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Colliding Particles 


Particle Accelerators and Detectors 
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The Large Hadron Collider 
10. Capturing the Higgs Boson 


11. Beyond the Standard Model 
of Particle Physics 


12. Frontiers—Higgs in Space 








The Higgs Boson and Beyond 


Course no. 1205 | 12 lectures (30 minutes/lecture) 


SAVE UP TO £18 


DVD £2979 
CD £19799 
+£2.99 Postage and Packing 
Priority Code: 128603 























For over 25 years, The Great Courses has brought 
the world’s foremost educators to millions who want 
to go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Over 550 courses 
available at www.TheGreatCourses.co.uk. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.TheGreatCourses.co.uk for details. 





OPTICS OF DISTINCTION 


OSTARA 


ELINOR 


The award winning Elinor range has it all with an ultra wide field of view providing a 
high resolution, comfortable and an incredibly stable image. Features include large 
eyepiece lenses for very comfortable, long eye relief viewing. 

The body has tough rubber armour and is waterproof. 


All surfaces are fully multicoated further enhancing brightness and clarity. Optical 
Hardware's broad lightband transmission ensures incredibly accurate colour rendition. 






V EA R Available in a choice of magnifications 


GUARANTEE 7X50 | 8x45 | 10x50 | 12x50 


Ostara binoculars are manufactured and distributed by Optical Hardware Ltd. 
For more information and to find your nearest stockists, please visit www.opticalhardware.co.uk/stockists 
All offers are subject to availability, prices and specifications are subject to change without notice. E&O.E. Your statutory rights are not affected. 

















